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INLEIDING 
De mens was zich al heel vroeg in zijn geschiedenis bewust van zijn kwets-
bare bestaan. Indien er geen grotten ter beschikking stonden, bedacht hij 
windschermen of tenten om zich te beschermen tegen de willekeur van het 
klimaat. Toen hij zijn nomadisch bestaan opgaf en huizen bouwde van hout, 
klei of steen, schiep hij zich een nieuwe bron van kommer en kwel: het 
huisstof. 
Huisstof bestaat voornamelijk uit een mengsel van organisch afval zoals 
huidschilfers, vezels en voedselresten. Het hoopt zich op in bedden, gestof-
feerde meubels, vloerspleten en tapijten. In deze omgeving kunnen zich 
levensgemeenschappen van mijten en insekten vestigen.1 Niet alleen vlooien 
en bed wantsen', maar ook ziekteverwekkende micro-organismen2 bivak-
keren er op doorreis naar nieuwe slachtoffers. De huizen worden met het 
voortschrijden van de welvaart steeds beter verwarmd, waardoor het klimaat 
voor de meeste geleedpotigen te droog wordt. Slechts mijten van de familie 
Pyroglyphidae ("huisstofmijten") kunnen de droogte in het stof van moder-
ne huizen weerstaan en komen er tot voortplanting'. 
Huisstof bevat ook een groep allergenen, die klinisch van belang zijn en die 
astma en rhinitis vasomotoria kunnen veroorzaken3. De identiteit van 
deze zogenaamde huisstofallergenen is niet geheel duidelijk, hoewel er al 
meer dan 50 jaar onderzoek naar verricht wordt. Langs chemische weg is 
aangetoond, dat glycoproteinen een rol spelen. De glycoproteinen ontle-
nen hun allergeenactiviteit voor een belangrijk deel aan zijtekens van 
lysine met een aan de £-aminogroep gebonden monosaccharide. Derge-
lijke lysine-suiker verbindingen ontstaan als tussenprodukt van afbraak-
processen van het Maillard type4 . In het maagdarmkanaal van pyroglyphide 
mijten worden huisstofcomponenten in innig contact gebracht bij pH 
7-8. Deze omstandigheden zijn gunstig voor het verloop van de Maillard 
reactie5. In 1967 werd gevonden, dat huisstof een hogere allergeenactivi-
teit heeft naarmate er meer mijten aanwezig zijn6. Ook specifieke aller-
genen, bijvoorbeeld die van pyroglyphide mijten, zouden deel uitmaken 
van de klasse der huisstofallergenen3. 
Om tot een betere bestrijding van pyroglyphide mijten te komen zijn er 
veel studies verricht naar hun leefwijze7,8. Er is weinig bekend over de 
betrekkingen tussen deze mijten en micro-organismen. In huisstof komen 
algen, bacteriën en schimmels voor9,10. Het aantal geïsoleerde soorten is 
groot: een literatuurstudie leverde 154 schimmelsoorten op11. Een labora-
torium-experiment toonde, dat de pyroglyphide mijtensoort Dermato-
phagoides pteronyssinus zich sneller kan vermeerderen op huidschilfers, die 
begroeid zijn met Eurotium amstelodami, een schimmel van de Aspergil-
lus glaucus groep. A. niger enA. tamarii hadden daarentegen een ongunstige 
invloed op de mijten12. 
Dit onderzoek heeft ten doel de invloed van micro-organismen op het 
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voortbestaan van pyroglyphide mijtenpopulaties in huisstof nauwkeuriger 
vast te stellen. Hiertoe werden de volgende vragen gesteld: 
— Welke micro-organismen kunnen groeien in het huisstof? 
— Zijn deze micro-organismen in staan om de ontwikkeling van pyrogly-
phide mijtenpopulaties te remmen of te bevorderen en hoe vaak komen 
dergelijke interacties voor? 
— Wat is de betekenis van de resultaten voor personen met een allergie voor 
huisstof? 
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A U T O T R O P H I C O R G A N I S M S IN M A T T R E S S D U S T IN 
T H E N E T H E R L A N D S 
В VAN DE LUSTGRAAF1, J H H M K.LERK.X, and 
J E M H VANBRONSWIJK 
Laboratorium voor Minibiologie, Dermatologisch Instituut, Rijksuniversiteit, Utrecht en 
Botanisch Laboratorium, Katholieke Universiteit, Nijmegen. 
Autotrophic organisms were found in house dust (mainly floordust) in the 
USA(BERNSTEIN & SAFFERMAN 1970; HOLLAND et al. 1973, 1974; RICHARDSON 
et al. 1974). These authors reported algae in the dust in high enough quantities 
to warrant allergological studies. This paper is devoted to autotrophic organ­
isms in mattress dust. 
Direct examination of mattress dust collected in Nijmegen in September, 
1974 showed algal filaments of 120 μιη (Ulotrichales), in addition to diaspores 
of green and blue-green algae. 
A pilot study was performed on dust collected in October and December 
1974. The dust was suspended in Bristol solution (0.001 g dust/100 ml) ac­
cording to AARONSON (1970). After about 10 weeks representatives of Hormo-
gonales, Ulotrichales, Chlamydomonadaceae and Chlorococcales were ob­
served. 
To investigate seasonal abundance and possible role in the house-dust 
ecosystem, mattress-dust samples were taken at four-weekly intervals from 
2 mattresses in Groesbeek (The Netherlands) from January 2, 1976 until Sep­
tember 30, 1977, with the aid of a vacuumcleaner (Hoover type 2907A), using 
disposable heat-sterilized paper bags. Three to four subsamples of 0.02 g were 
taken from each of the samples of the two mattresses. The subsamples were 
suspended in 1 ml TRIS buffer (pH 6.6) by handshaking (1 mm) and mechan­
ical vibration (10 mm). Three aliquots of 0.1 ml were taken from all 6 to 8 sub-
samples and surface-inoculated on agar plates Chu no. 10 (AARONSON 1970). 
After 4 weeks incubation on the laboratorium bench the algal colonies were 
counted and identified microscopically. From the prothallia of ferns 10 spec­
imens were transferred to potsoil. Two sporophytes could be reared (fig. 1). 
The algae mainly belonged to the same taxa as were found in the pilot study. 
The most frequently isolated algae were coccoid species of the Clorococcales, 
Hormidium flaccidum A Braun and Stichococcus bacillaris Nägeh of the Ulo-
trichales (identification by G. M. Lokhorst, Leiden), and Chlamydomonas sp. 
of the Chlamydomonadaceae (identification by G. van den Ende, Nijmegen). 
Anabaena variabilis Born, et Flah., Microcoleus vagmatus Gom., and Schizo-
1
 Supported with grant no. 230, Nederlands Astma Fonds, Leusden. 
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Fig. 1. Sporophyte of Dennstaedtia, grown from mattress dust, Groesbeek, The Netherlands 
(Photo: H. J. M. Spruyt, Nijmegen). 
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Fig. 2. Means of total algal and fem counts in dust from 2 mattresses (Groesbeek, The 
Netherlands). 
thrix caldcóla Gom. (Hormogonales) were also found (identification by 
P. J. G. Polderman, Nijmegen). Occasionally, coccoid representatives of the 
Chlorococcales were associated with bacterial colonies. 
The total algal count showed seasonal fluctuations with peaks in August-
September 1976 and May-June 1977. The mean number of algal diaspores per 
gram of dust per mattress varied from 2.2 χ IO2 in June and February 1976 to 
8.4 χ 103 in September 1976 {fig. 2). 
The fem sporophytes belonged to Dennstaedtia, a genus known as a window 
plant (identification by G. J. de Joncheere, Leiden). In September 1976 there 
was a peak in the number of fem spores found (fig. 2). This was not so in 1977 
since the window plant was removed. 
Algae, moss and fem spores are common in the outdoor air in The Nether­
lands (VISCH-VAN OVEREEM 1972). There is no doubt that the fem we found did 
not thrive in mattress dust, and that the fluctuations in the fern-diaspore num­
bers found are a reflection of the spore production indoors by the window 
plant. 
Algal counts from March to June 1977 were higher than those from the same 
months in 1976. Probably, the extremely dry spring and summer of 1976 
17 
1 2 8 В VAN DE LUSTGRAAF, J H H M KLERKX AND 1 Ε M H VAN BRONSWUK 
( K N M I 1976) were less suitable for algal growth and dispersal In July and 
August 1977, low numbers of algae were isolated The house from which the 
mattresses were sampled, had been closed from June 17, 1977 until August 15, 
1977 The reduced possibility of algal diaspores to invade the mattresses in this 
period may explain the lower number isolated 
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Xerophilic fungi in mattress dust 
B. V. d. LUSTGRAAF 
Summary 
A comparison of media showed that 64 % sucrose malt agar is more suitable to isolate 
xerophilic fungi from mattress dust than both 40 % sucrose and 8 % NaCI malt agar. Using 
this medium, 38 samples of mattress dust from a children's ward were studied. Members of 
the Aspergillus glaucus(Eurotium) and the A. restrictus groups occurred in 100%, species of 
the genus Pemcillium in 97.4 %, Wallemia sebi in 89.5 %, and members of the A. versicolor 
group in 10.5 % of the samples. The A. glaucus isolations included Eurotium repens, 
E. rubrum and £. amstelodami; those of the A. restrictus group: A. restrictus, A. gracilis 
and A. penicilloides; those of the genus Pénicillium: P. chrysogenum and P. brevicompac-
tum, and those of the A. versicolor group: A. versicolor. The general occurrence in the 
samples studied and the strongly xerophilic character suggest that members of the A. glau-
cus and the A. restrictus groups play a role in the ecology of the house dust mites and in 
the origin of the house dust allergen. 
Zusammenfassung 
Ein Nährbodenvergleich ergab, daß Malzagar mit 64 % Saccharose für die Isolierung 
xerophiler Pilze besser geeignet ist als Malzagar mit 40 % Saccharose oder 8 % NaCI. Mit 
diesem Nährboden wurden 38 Matratzenstaub-Proben untersucht. Pilze der Aspergillus 
glaucus (Eurotium)- und A. restrictus-Gruppe traten in 100 % der Proben, Pilze der Gat-
tung Pénicillium in 97,4 %, Wallemia sebi in 89,5 % und Pilze der A. versicolor-Gruppe in 
10,5 % der Proben auf. Die Isolate der A. glaucus-Gruppe umfaßten Eurotium repens, 
E. rubrum und E. amstelodami, die der A. restnctus-Gruppe A. restrictus, A. gracilis und 
A. penicilloides, die der Gattung Pénicillium P. chrysogenum und P. brevicompactum und 
die der A. versicolor-Gruppe A. versicolor. Aufgrund der allgemeinen Anwesenheit in den 
Staubproben und des stark xerophilen Charakters wird angenommen, daß Pilze der bei-
den Aspergillus-Gruppen in der Oekologie der Hausstaubmilben und bei der Entstehung 
des Hausstauballergens eine Rolle spielen können. 
Introduction 
Mattresses are a habitat for house dust mites (Acanda: Pyroglyphidae) (1). These xero-
philic organisms are known as a source of house dust allergen (13). Little is known about 
the occurrence of the xerophilic fungi in house dust and their ability to live there. 
Key words: xerophilic fungi, mattress dust, house dust mite, house dust allergen. 
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To facilitate the detection of xerophilic fungi, usually media of low water activity (а„) 
are used for the isolation. In these media the availability of water is reduced by adding 
salts, sugars or other solutes (10). By adding 7.5—8 7a NaCl to the agar base, fungi were 
isolated from house and mattress dust (5, 12). From dried prunes xerophilic fungi were 
detected by supplying the isolation medium with 65 % sucrose (7). On a 40 % sucrose 
amended agar xerophilic fungi grow well and can be identified (8). 
In this study malt agar with 8 % NaCl, 40 % sucrose and 64 % sucrose are compared in 
their suitability to isolate the xerophilic fungi from mattress dust. Subsequently the fun­
gus content of dust samples from mattresses of a children's ward is analysed. 
Materials and Methods 
Dust samples 
The dust originated from 11 mattresses of a children's ward in Groesbeek (The Nether­
lands). The dust was sampled at 4—6 week intervals from November 1975 to June 1976 
with a vacuum cleaner. The samples were stored separately in plastic bags on a dry place 
at room temperature for 1—5 days. From each sample the sand, fibres, pieces of wood etc. 
were removed. 
Comparison of the isolation media 
Three subsamples were taken from one of the samples prepared as described above. 
They were suspended separately in a 50 % sucrose and 0.02 % Tween 80 solution at a ratio 
of 1 : 50 w /
w
. The dust was dispersed by manual shaking for 1 min. and mechanical vibra­
tion for 10 min. Samples of 0.1 ml from eadi suspension were surface inoculated on plates 
with malt extract agar (Oxoid; MEA) to whidi 8 % NaCl, 40 % sucrose or 64 % sucrose 
was added. Three plates of each medium were inoculated. Table 1 shows the z
w
 values, 
measured according to NORTHOLT et al. (6), and the incubation times at 25° C. To prevent 
premature crystallization, the MEA plates with 64 % sucrose were incubated in closed 
plastic bags. Tests for sterility were performed. The experiment was done in duplicate at 
a day interval. After incubation the plates were examined with a stereo microscope 
(10—80 X) to group colonies into the different species or groups of species, and colonies 
were counted. The results were tested with the randomization test for matdied pairs (11) 
at significance level 0.05. 
The isolation of xerophilic fungi 
From each of the 38 samples 3 subsamples were taken and treated as described above. 
They were inoculated on MEA with 64 % sucrose. Colonies of the different groups were 
determined to species level by transferring them to the appropriate media (8, 9) if their 
morphology was not observed before in this study. 
Results 
Comparison of the isolation media 
The aw value of MEA with 64 % sucrose is lower than that of MEA with 8 % NaCl or 
40 % sucrose (Table 1). Therefore fungi have a decreased rate of growth on MEA with 
64 % sucrose, which makes a longer incubation period necessary (Table 1). 
Table 2 shows that members of the Aspergillus restrictus group were isolated from 
mattress dust on MEA with 64 % sucrose significantly more frequently than on MEA with 
8 % NaCl or 40 % sucrose (p = 0.03 at Ν = 6). Also members of the A. glaucus group and 
Wallemia sebi (Fr.) v. ARX occurred on the 64 % sucrose medium. The Pénicillium species 
22 mykosen 20, Heft 3 (1977) 
Xerophilic fungi in mattress dust 
Table 1: Water activity (a
n
) of the malt extract agar 
(MEA) media, and the time of incubation of the 
inoculated plates 
МЕЛ additions Time of incubation 
at 25° С (in days) 
8 % N a C l 
40 % sucrose 
64 % sucrose 
0 94 
0 94 
0 82 
6 
6 
21 
Table 2: Comparison of the fungal flora on the isolation media tested. Samples of dust were 
inoculated on malt extract agar (MEA) with 8 % NaCl, 40 and 64 % sucrose in 2 duplicate 
experiments of 3 replications cadi. The number of colonies per replication is given*) 
Fungi 
Aspergillus glaucus group 
Aspergillus restnctus group 
Wallemia sebi (Fr ) ν Arx 
Penictllium spp 
Less xerophilic fungi**) 
Mycelia stenlia, undet spp 
MEA 
addition 
8% NaCl 
40 % sucrose 
64 % sucrose 
8% NaCl 
40 35 sucrose 
64 % sucrose 
8% NaCl 
40 % sucrose 
64 % sucrose 
8% NaCl 
40 % sucrose 
64% sucrose 
8% NaCl 
40% sucrose 
64 % sucrose 
8% NaCl 
40% sucrose 
64% sucrose 
Replications of 
experiment 1 
1 
5 
6 
6 
1 
3 
13 
— 
— 
1 
36 
55 
4 
33 
29 
— 
5 
14 
11 
2 
2 
4 
7 
1 
— 
8 
— 
— 
— 
104 
135 
4 
13 
17 
— 
5 
17 
7 
3 
7 
3 
3 
— 
— 
3 
— 
— 
-
55 
64 
1 
13 
22 
— 
7 
28 
17 
Replications of 
experiment 2 
1 
1 
7 
6 
— 
2 
21 
— 
— 
2 
41 
76 
20 
18 
29 
— 
10 
18 
10 
2 
8 
4 
8 
— 
— 
5 
— 
1 
1 
24 
46 
13 
8 
27 
— 
6 
21 
9 
3 
4 
4 
8 
— 
— 
41 
— 
— 
2 
39 
63 
21 
13 
23 
— 
8 
30 
5 
Bacteria, yeasts***) 8 % N a C l 740 740 930 870 1100 148C 
40% sucrose > 3000 > 3000 > 3000 > 3000 > 3000 > 3000 
64 % sucrose — — — — — — 
*) The number per gram of dust can be calculated by multiplying the numbers given with 
1 65 X 10* 
**) Cladosponum spp , Aureobastdium spp and remaining Aspergillus spp 
*
>
" ) The numbers given are calculated from the dilution rate 10—' 
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Table 3: Colony diameter of fungi from mattress dust detected on malt extract 
agar with 64 % sucrose after 21 days incubation at 25° С 
Fungi 
Aspergillus glaucus group 
A. restnetus group 
Pénicillium spp. 
Wallemta sebi (Fr.) v. Arx 
A. versicolor group 
Number of 
colonies 
measured 
25 
25 
25 
25 
10 
Colony 
Mean 
38 
8 
4 
3 
2 
diameter (in mm) 
Total range 
19—60 
3 - 1 5 
2 - 5 
1 - 5 
1 - 3 
Table 4: Xerophilic fungi in mattress dust. Results from our 38 samples com-
pared with the results of Malica (5) 
_ . Number of p c r c e n t c Percentage 
Fung. poutive frequencby ,^ΖΎ 
samples ^ ' trom Mallea 
Aspergillus glaucus group 
A. restnetus group 
Pénicillium spp. 
Wallemia sebi (Fr.) v. Arx 
A. versicolor group 
38 
38 
37 
34 
4 
100 0 
100.0 
97,4 
89.5 
105 
70 
3 
94 
0 
44 
which are able to grow on MEA with 64 % sucrose have a restricted colony diameter on 
this medium (Table 3). They will not overgrow the slowly growing species of the A. restne-
tus group and W. sebi. From Table 3 it can also be seen that the colonies of the A. glaucus 
group have the largest diameter on MEA with 64 % sucrose. As their mycelia are com-
paratively thin on this medium, most of the fungi which are overgrown can still be iden-
tified. 
It is concluded that MEA with 64 % sucrose is a more suitable medium to isolate xero-
philic fungi from mattress dust than MEA with 8 % NaCl or 40 % sucrose. 
Xerophilic fungi in mattress dust 
Members of the A. glaucus group and the A. restrictus group were isolated from all the 
38 samples investigated, and Pénicillium spp. from nearly all samples (Table 4). Also 
W. sebi occurred frequently. MALLEA (5) using MEA with 8 % NaCl found A. restrictus 
to be present in only 3 of 100 samples investigated, while №. sebi was absent (Table 4). 
The less xerophilic members of the A. versicolor group occurred more frequently than in 
the present study; they grow very restrictedly on MEA with 64 % sucrose (Table 3) and 
are difficult to trace on this medium. 
24 mykosen 20, Heft 3 (1977) 
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Thirty nine isolations of the A glaucas group were identified to Eurotium repens 
C O R D A (28 times), E rubrum K O N I G , SPIECKERMANN вс BREMER (8 times) and E amstelo-
dami M A N G I N (3 times) The species identified from 33 isolations of the A restnctus group 
were A restnctus G SMITH (8 times), A gracilis B A I N (3 times) and A pentcilloides S P E C 
(22 times), from 45 Pénicillium isolations Ρ dirysogenum Т н о м (36 times) and Ρ brev.-
compactum DIERCKX (9 times), and from 20 isolations of the A versicolor group A vet-
sicolor ( V U I L L ) TIRAB (20 times) 
Discussion 
In this study it is shown that MEA with 64 % sucrose is more suitable to isolate xero­
philic fungi from house dust than M E A with 7 5 or 8% NaCl , used by respectively 
SWEABLY & CHRISTENSEN (12) and MALLEA (5) Dust contains numerous fungal spores and 
bacteria whidi overgrow more obhgately xerophilic fungi like members of the A restnctus 
group on MEA with 8 % N a C l or 40 % sucrose 
The members of the A glaucus group grow rapidly on MEA with 64 % sucrose and may 
overgrow slower growing fungi This was probably the reason that LUSTGRAAF and JoRDt 
(4) isolated most frequently a member of this group, £ repens, from the piles of dust 
incubated on MEA at 75 % relative humidity 
It was found that all the dust samples investigated contained members of the A glaucus 
group and the A restnctus group Evidence for an ecological role of the A glaucus group 
in house dust was given by BRONSWIJK & S I N H A (3) They found human skin scales 
predigested by a member of the A glaucus group, E amstelodami, to be a better food for 
the house dust mite Dermatopbagoides pteronyssmus TROUESSART Our study indicates that 
the A glaucus group as well as the A restnctus group may play an ecological role The 
general occurrence in the samples investigated and the strongly xerophilic character (8) 
suggest that they are able to grow in the house dust environment A relation to the house 
dust mites and therefore to the origin of the house dust allergen may be considered 
BRONSWIJK & KOEKKOEK (2) suggest that nipagin (p-methyl hydroxy benzoate) is an 
effective pesticide in the control of house dust mites and microorganisms H o w e v e r tests 
involving application of this agent to mattresses were not performed 
Adenoitledgements. I thank Dr R A SAMSON and Miss H LINDNER for chedting the identifica­
tions, Ir M D NORTHOLT for measuring the a» values, The staff of the Institute Bayard for their 
constant readiness and Mrs A M HAAS-IKEN for correcting the manuscript 
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An evaluation of biological methods in house-dust allergen research 
J. E. M. H. VAN BBONSWIJK1), D. DE SAINT GEORGES-GRIDELET2) and B. VAN DE 
LUSTGRAAF1·3' 
Summary : Methods in house duet analysis pertaining to particle identification, to extraction and 
identification of mites, other arthropods, fungi, bacteria and algae are evaluated. As far as possible, 
quantitative data are given to compare the extractive efficiency of the different methods. 
Key-words . House dust allergens. -Methods of extraction. - Arthropods. -Fungi. -Bacteria. -Algae. 
Methodische Untersuchungen zur Hausstaub-Allergologie 
ZusammenJ'aasung : Es werden Methoden zur Analyse dos Haussteubes vorgestellt, vorzugsweise zur 
Extraktion und Identifizierung von Milben, anderen Arthropoden, Pilzen, Bakterien und Algen. 
Soweit wie möglich werden quantitative Angaben zur Effizienz der verschiedenen Extraktionsmetho-
den gemacht. 
Schluaaelworter :Hausstauballergene.—Extraktionsmethoden.— Arthropoden. — Pilze. — Bakterien.— 
Algen. 
Introduction 
In the twenties, house dust was found to contain some "mysterious" matter, later 
called allergen. Particles of different origins were incriminated either as carriers or 
as producers of the allergens. Although these types of research are still going on, we 
are poorly informed on the reliability of the methods in use to identify the compo-
nents of house dust, such as sand, ashes, crumbs and deterioration-products of food, 
dust particles derived from furniture and furnishings of the house, mites, fungi, pollen, 
algae, diaspores of mosses, insects, skin scales (such as dander), arthropod detritus and 
fecal materials, and hairs of man and domestic animals. House dust proved to be a 
highly variable substrate (depening on cultural and hygienic habits of the human 
dwellers), which made it difficult to develop suitable methods for ecological and allergolo-
gical research. 
Especially in the case of mites, very different techniques have been devised. Only a few 
of them were compared for their efficiency [25,13,14]. 
Using data from literature and our own observations, we shall try in this paper to eva-
luate the methods in use for counting and the identification of biological entities in 
house dust samples, such as pollen and spores, arthropods and fungi. We shall not ven-
ture into gross chemical analysis or allergen chemistry. We hope that the ecological 
and allergological study of house dust will be facilitated in this way. 
') Supported by grant no 230 of "Het Nederlands Astmafonds", Leusden, The Netherlands. 
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Particle identification 
A casual examination of house dust will show human and animal hairs, and fibres 
of furniture or furmshings Forensic science has the knowledge to identif j these par-
ticles This science depends largelj on comparison, and it wall bo necessary to build 
up a reference collection of hairs, fibres and barbs of feathers, dried and mounted in 
glycerin gelatin or Canada balsam Fibres can be divided into three classes as follows 
animal hairs (which are composed of cutícula, rind and marrow), plant fibres (which 
usually have a lumen), and synthetic fibres (which do not show much detail under 
the light microscope) A key to natural fibres can be found in FREI STJLZER [12] 
Identification of animal hairs is fascihtated by the atlas of APPLEYARD [1], although 
it is still difficult The booklet of MOLLMANN [20] not only gives an introduction to 
plant fibies, but also contains many samples of fibres for the building of a reference 
collection 
Among the coarser particles, we find not only fibres, but also insects such as flies or 
silverfishes A broad biological knowledge of the entomology of the particular aiea 
is required to identify these to species level 
The finer dust can be mounted in water or glycerin gelatin for microscopic identifi-
cation and counting of the relative abundance of the different particles Here too, a 
reference collection is indispensable A first introduction to the vanety of particles 
can be found in the illustrations of BEUG et al [6] and WALLIS [36]. Two reagents, 
Lugols solution (JKJ) (to prepare dissolve 2 g J K J in 100 g distilled water, add 
1 g J) and Phloroglucine-HCL, are useful When dust is mounted in Lugols, the starch 
grains will stain blue, human skin flakes, aleurone and animal material in general 
yellow, dextnnes stain red or reddish brown A specific red stain of hgmfied plant 
tissue is possible as follows A few drops of 1 % phloroglucine in 90 % alcohol are 
added to the dry dust on a microscope slide, the preparation is allowed to dry, a few 
drops of HCL (specific gravity 1 16) are added and a cover slip is applied 
Permanent preparations of the fine dust and the reference particles can be made m 
glycerin gelatin In this medium it is difficult to keep the air bubbles out and to keep 
the dust from clumping Hoyers' medium, as used for mite mounts [16] does not 
have these disadvantages, and even gives brilliant pictures when viewed with a 
phase contrast microscope, however, some synthetic fibres dissolve in it 
As it happens, less than 1% of the particles identified by direct observation, are 
organisms or diaspores of organisms that could live in house dust Some type of disper-
sion, concentration or rearing technique is needed to study them effectively 
Mites and other arthropods 
Quite a number of methods for extracting the arthropods from house dust were 
reported, most of them were summed up recently by WHARTON [37] Logically the 
methods can be divided into 4 types 
1 With a suspension method, dust is suspended in a liquid after which all arthropods 
that are visible under a preparation microscope, are removed 
2 Mechanical concentration methods depend on different specific gravities of the 
arthropods and other dust particles Sometimes a centnfugation step is added to 
facilitate the separation 
3 Dynamic concentration methods depend on the reaction of the active arthropod 
to light, heat, humidity 
4 This type of method consists of rearing the arthropods (mostly mites) by incubating 
the dust samples at optimal conditions for the species investigated 
With no concentration step arthropod analysis is very laborious This can be demon-
strated with the highly successful alcohol suspension method of GRIDELET and LE-
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Tab le 1 C o m p a r i s o n the e x t r a c t i v e e f f i c i e n c y for p y r o g l y p h i d m i t e s o f S m e t h o d s (every m e t h o d 
a p p l i e d b y i t s d e e e n b e r ) . F o r c o m p a r i s o n all m i t e n u m b e r s are c a l c u l a t e d t o 1 g o f dus t . ( U n p u b l i s h e d 
resu l ts c o m m u n i c a t e d w i t h p e r m i s s i o n of t h e different authors) 
T y p e of m e t h o d F l o a t a t i o n F l o a t a t i o n / F l o a t a t i o n F l o a t a t i o n / S u s p e n s i o n 
c e n t n f u g a t i o n c e n t r i f u g a t i o n 
L i q u i d u s e d s a t u r a t e d NaCl/ l a c t i c a c i d carbontetrachlo- l a c t i c a c i d e t h a n o l 
g lycero l n d e / e t h y l e t h e r s a t u r a t e d NaCl 
F u l l d e s c r i p t i o n B B O N S W I J K 1973 S T E N I U S a n d 
o f m e t h o d C U N N I N G T O N 
1972 
O S H I M A 1970 S P I E K S M A a n d GuiDELETand 
S P I E K S M A - L E B B U N 
B O E Z E J I A N 1 9 6 7 1973 
I n v e s t i g a t o r B B O K S W U K CUITiriNQTON OsHIMA S P I E K S M A GniDEbET 
I n v e s t i g a t e d 
w e i g h t o f d u s t 
i n g 0.2/0.6 0 .25 
N u m b e r o f 
rep l icas 2 4 
T i m e c o n s u m e d 
b y β s a m p l e s 4 h 4 0 m i n 144 h 
2.0-Θ.9 
1 
97 h 12 m i n 
5.0 0.5 
2 3 
5 5 h 5 0 m i n 208 h 
Number of 
mites 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Sample β 
Sample 7 
Sample 8 
465 
85 
14 
12 
140 
156 
40 
30 
704 
496 
266 
220 
476 
332 
404 
56 
889 
1284 
159 
64 
188 
249 
284 
161 
131 
50 
18 
13 
97 
22 
30 
22 
144Θ 
1276 
598 
356 
674 
442 
554 
182 
Table 2 Different liquids used in mechanical arthropod analysis of house dust (changed after 
GRIDELET-DE SAINT GEORGES [14] 
Liquid used Specific gravity Reference 
Lactic acid 
Dichloromethane 
Mixtures carbontetrachlonde 
and ethyl ether 
Aqueous saturated NaCl 
Mixture glycerol and aqueous 
saturated NaCl 
1.2 
1.3 
1.31.6 
1.2 
1.2-1.3 
SPIEKSHA and SPIEKSMA-BOEZEMAN 1967 
НААВЬ 1970 
STENIUS and CUNTÍINOTON 1972 
MAUNSELL et al. 1968 
OSHIMA 1970 
F A I N 1966 
BROVSWIJK 1973 
BRUN [13]. In table 1 it is shown that this method detected the largest number of 
pyroglyphid mites of all the methods tested, but it took 208 effective working hours 
to investigato 8 dust samples. This method is described in detail in appendix I. 
Liquids used in mechanical concentration methods usually have a specific gravity 
of 1.2 to 1.6 (Tab. 2). Theoretically all lighter arthropods can be detected. When a 
flotation with saturated sodium chloride solution was used, 60 to 90 % of the mites 
mixed with the dust could be recovered (Tab. 3). The extractive efficiency was lower-
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Table 3 Recovery rates on the sxirface of the flotation solution of the mites Dermatopknqoidea fa-
nnae (D. f.) and Tyro-phagus putrescentiae (T. p.) mixed in house dust (changed after S ASA et al. 
[25]) 
Description of the· floatation method Recovery rates in % 
used live mites dead mitea 
D.f. T . p . D.f. T. p . 
Aqueous saturated NeCl 84 64 60 58 
(without contnfugation) 
Aqueous saturated NaCl 94 86 90 Θ0 
(with centnfugation) 
Water (500 ml) plus kerosene (1 ml), 94 88 91 90 
no centnfugation 
Table 4 Comparison of mite extractive efficiency of 3 methods used on 3 different dust samples by 
the same investigator (means of 4 rephces of 1 g dust). Changed after Q R I D E L E T - D E S A I N T GEORGES 
[14] 
Description of method used Number of mites found 
carpet dust floor dust mattresa dust 
Aqueous saturated NaCl, with detergent 2 7 274 
(mucasol), floatation 
Aqueous saturated NaCl, without deter- 5 7 677 
gent, floatation 
Ethanol, suspension 81 21Θ 4398 
ed to less than 3 to 15% for the mites that actually had lived in the house dust 
sample (Tab. 4). It seems that some arthropods (probably those that are dead for some 
time) are very strongly attached to the other dust particles, which prevent them from 
floating to the surface of the (denser) liquid. It is possible that longer or more intensive 
stirring of the dust in the liquid can improve the efficiency. This trapping of the dead 
mites in the network of the other dust particles caused some confusion about the 
extractive efficiency of some methods. BBONSWIJK [8] for instance, states that her 
glycerol-NaCl-floatation method extracts 60-80% of the pyroglyphid mites. This was 
tested with mites marked and mixed with the dust. Table 1 shows, however, that this 
is a gross overestimation of the extraction of the mites that lived in the dust. Other 
authors also gave extractive efficiencies of their methods based on the recovery of 
included mites. We did not use these figures for further comparison of the extractive 
efficiency of the mechanical methods. To obtain the efficiency of their method, 
GRIDELET and LEBRUN [13] estimated theoretically to total number present in a 
sample by making three counts (removing of all of the mites counted) and plotting 
on the ordinate the number of mites found and on the abscissa the total number found 
at previous counts. After a calculation of a least squares linear regression the estimated 
number could be found on the abscissa when the ordinate was O. In this way, the 
method had an underestimation of less than 10 %. 
The results of a comparison of five different methods can be seen in Table 1. Four 
of these are floatation methods, the fifth is the suspension method discussed above. 
The mite losses not only varied among the authors but also among the samples investi­
gated. The samples were from different origins. Numbers 1 and 2 consist of Japanese 
floor dust, numbers 3 and 4 of Dutch floor dust, numbers 5 and 6 of Dutch mattress 
dust and numbers 7 and 8 of English floor dust. Comparing the floatation techniques, 
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we see that in case of samples 1, 2 and 8 OSHIMAS method has the highest extractive 
efficiency. These samples contained many very coarse particles such as dried animal 
and plant parts, bodies and body fragments of larger arthropods, dried food particles, 
hairs and sand. The method of STEJJIUS and CUNNINGTON [32] was most effective in 
the case of samples 3, 4, 5, 6 and 7. These samples were different from the first group 
by the presence of high numbers of very fine fibres, partly of a synthetic nature. The 
most efficient method seems to depend on the nature of the dust. (The methods of 
OSHIMA and STENIUS and CUNNINOTON are described in detail in appendix II and 
III.) 
The choice of a method depends largely on the objective of the investigator. If a 
total mite count is needed as a measure for total mite-allergen content, or if we need 
to know how many of all stages of all arthropods have been living in the dust (ecology), 
our best choice seems to be the suspension of the dust in alcohol. However, this will 
take about 25 hours of effective working time per sample. When less time is available 
the (highly toxic!) carbontetrachloride/ethylether floatation of Oshima (appr. 12 hours 
per sample) or the floatation-centrifugation method with lactic acid of Cunnington 
(appr. 18 hours per sample) can be recommended. A quick screening of the samples 
for the most abundant arthropod species is possible with a simple NaCI-glycerol 
floatation method (appr. half an hour per sample) (Figures for effective working time 
calculated from Table 1). The NaCI-glycerol floatation is described in appendix IV. 
Sometimes we are only interested in the arthropods (esp. mites) that are still alive in the 
dust sample. Dynamic methods will serve this purpose. Only the effect of light and heat 
was tested for species that are generally found in house dust (Tab. 5).Usually modifi­
cations of the funnels described by BERLESE [4] and TULLGEEN [34] are used. A variant 
succesful in house dust is described in appendix V. The extractive efficiency depends 
on the species studied (Tab. 5). Unfortunately, no study was made on the relationship 
between extractive efficiency and intensity of the light source in case of house dust 
samples. A great advantage of the Bcrlese-Tullgren method is the possibility to treat 
many samples at the same time by one person. 
T a b l e 5 E x t r a c t i v e e f f i c iency o f t h e Berleae-Tullgren funnel for different m i t e spec ies 
Name of mite 
Haemolaelapa салаіів 
Tydeua interruptes 
Cheyletiu eruditus 
Qlycyphogus deaírucíor 
Dermotophogoidea pteronysainu»1) 
% of mitee 
recovered 
78-80 
44-βΟ 
β2-88 
82-100 
40-βΟ 
substrate 
grain 
gram 
grain 
grain 
house dust 
authority 
δΐΝΉΑ 19Θ1 
SINHA 19Θ1 
SlNHA 1961 
SlNHA 1961 
BRONSWIJK 1973 
1 ) W i t h a d a p t i o n t o p r e v e n t t o o m u c h dess icat ion 
I t is also possible that for allergological or ecological reasons we are only interested 
in the presence of living specimens of a certain species in the house dust samples. In 
that case the dust can be incubated under conditions that are optimal for the studied 
species, e.g. in case of pyroglyphid mites 75 % relative humidity and room temperature 
for three month [37]. After this time moving mites can be detected under the piepara-
tion microscope and mounted for identification. It must be remembered that prédation 
by, or competition with, other arthropod species can influence the results. Fungi, 
too, play an unpredictable role in this respect. 
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When an appropriate method has been selected and t h e arthropods mounted on slides 
t h e question of specific identification arises. For most insects, local books are needed 
describing t h e entomological fauna of the region investigated. As for the mites, K B A U T Z 
[16] gives a general introduct ion and keys t o the families. Pyroglyphid mites can be 
identified with B B O N S W I J K and S I N H A [7]. The species described later can be found 
in F A I N and Lo WRY [ I I ] . 
Fungi, bacteria and algae 
House dust usually contains diaspores of fungi, algae, (mosses and pollen), which origi­
n a t e outdoors as well as indoors. Direct observations of these particles can be faci­
l i tated by concentration methods used in pollen analysis of peat (see e.g. [9]). I n 
house dus t analysis comparat ive efficiencies of two different methods were only 
published for pollen [6]. T h e most succesful method, which does not require elaborate 
laboratory equipment, is described in appendix VI. For specific identification of 
the diaspores of microorganisms (and pollen) obtained in this way an extensive refer­
ence collection is needed. The spores and pollen collected from fungi, mosses, window-
plants, outdoor trees and grasses - forming t h e reference collection - should be sub­
jected to the same t r e a t m e n t as t h e samples, and mounted in the same medium. 
I n contrast to arthropod analysis the concentration technique for microorganisms, 
as mentioned above, is seldomly sufficient t o obtain t h e required insight in the ecology 
and allergology of house-dust. Identification of the microorganisms is almost never 
possible by direct observation of spores and hyphal fragments. Organisms with 
small spores are too easily missed. And no distinction can be made between viable 
and non-viable diaspores. 
To overcome these disadvantages, the microorganisms are usually cultured on a 
type of agar-medium. An essential disadvantage of all microbiological rearing methods 
is t h a t t h e numbers of viable spores, cells or mycelium fragments are counted and 
not t h e number of plants t h a t wore actual ly present in t h e dust sample. Species 
producing m a n y spores will tend to dominate in t h e countings. 
Species of microorganisms found and their relative abundance, are strongly influenced 
by t h e acidity, nutr ient composition and water content of t h e agar-medium. There 
does n o t exist a n y medium on which all microorganisms in house d u s t grow equally 
well. 
Natura l ly , weakly acid (pH 4.0-5.5) media, such as mal t , wort, cherry or t o m a t o agar 
are preferably for t h e fungi in house dust [36]. According t o S W E A B L Y and C H R I S T B N -
SEN [33] mal t agar with 7 1 / 2 % NaCl eliminates the least number of known fungal 
species in house dust . Unfortunately t h e y do not give experimental evidence for 
their opinion. Sometimes, fungi do not sporulate on mal t agar. Transfer t o media with 
a high starch content, such as oatmeal agar or potato-dextrose agar, usually solves 
this problem [36]. Most fungi can be identified up t o genus level with А к х [2]. For 
t h e common species S M I T H [30] is useful. The taxonomie characters of species of t h e 
genera Aspergillus and Pénicillium were described on mal t agar and Czapek agar 
[23, 24]. 
Consequently a transfer of the colonies to both these media will facilitate the identi-
fication. 
Bacteria need a more alkaline medium for growth (pH 7.2-7.4). Comparative studies 
of different media for the species in house dust were not done. In fact, only potential 
pathogenic bacteria have been studied in house dus t [3]. 
The autotrophic algae need inorganic media. B E R N S T E I N and SAFFERMAN [5] a n d 
LUSTGRAAF (unpublished) used some media for house dus t algae without testing their 
efficiency. 
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Table б Media and incubation times for the isolation of the microorganisms in house dust (at 25 °C 
or room temperature) 
Group of 
mioroorganisme 
Algae 
Bacteria (general) 
Barteria (xerophihc) 
Fungi (general) 
Fungi (xerophihc) 
Incubation time 
in days 
28' 
28 + 
28+ 
1-3 
1-5 
4-7 
21 + + 
Agar-media of 
choice 
modified Chu no 10 
Bristol 
Chu no 10 
peptone-yeast extract 
nutrient broth with salts 
malt extract with 
7 7 2 % N a C l 
malt extract with 64 % 
sucrose 
Authority 
BEKN'STEIK and 
SAFFKKMAN 1970 
BERNSTEIN and 
SAFFEEMAN 1970 
LUSTGRAAF unpublished 
PARKINSON et al. 1971 
SCOTT 1953 
SwAEBLY and 
CHRISTENSEN 1952 
LUSTORAAF in press 
* incubation with light (not warmer than 25 0C) 
~'
r
 incubation in closed plastic bags 
The water activity of the above mentioned media for fungi, algae and bacteria is 
nearly 1.00. Remembering that house dust is a dry habitat (relative humidities of 
50-80 % are quite normal under European conditions) this does not seem to be the 
most suitable way to detect the autochthonous microorganisms of house dust. It is 
quite clear that in house dust of temperate and cold climates only xerophihc (osmo-
philic) microorganisms can survive. Until now no xerophihc algae are known. The 
merophilic media prepared for house dust are only adapted to fungal or bacterial growth 
(Tab. 6). It must be remembered, however, that the xerophihc bacteria were not found 
in the houe-dust habitat but in stored food [26]. 
The water activity of a microbiological medium can be lowered by salt, sugars or 
glycerol [27]. By adding 8.0 % sodium chloride [18] or 40 % sucrose to malt agar the 
water activity of this medium is reduced to 0.94 [17]. 
This is still much wetter than the usual house dust habitat. Higher concentrations 
of sodium chloride are impractical s:nce the agar will be prevented from hardening. A 
water activity as low as 0.82 can be obtained by a sucrose concentration of 64 % 
[17]. Higher concentrations of sucrose are virtually impossible because of crystalliza­
tion of the sugar. We recommend a medium with 64 % sucrose to use when, for eco­
logical or allergological purpose, it is needed to know which species of fungi live in 
a hous-dust sample. 
To obtain quantitative results the dust samples should be fresh (stored no longer 
than 7 days at a dry place at 25 "С), and a dilution plate technique should be used 
to calculate the numbers of viable diaspores in the sample. Such a technique is de­
scribed in detail in appendix VII. To facilitate the choice of a medium most suitable 
to the specific needs of the researcher, table 6 gives a list of agar media for differ­
ent purposes. 
Appendix I Arthropod extraction according to GBIDELET and LEBRUN [13] 
This method differs somewhat according to the type of dust studied. Fine dust is immersed directly 
methanol 7 5 % or water ('/j g of dust in 25 ml liquid) in a petn dish (diameter 10 cm). Using cold light 
(to prevent convoction streams), the suspension is viewed under a preparation-microscope (20-100 χ 
magnification). Every petri dish is studied three times. All arthropods are embedded in Hoyer's and 
studied under a phasecontrast microscopo for specific identification. Analysis is done in triplicate. 
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Fibrous dust requires washing in ethanol One half a gram of dust is suspended in 250 ml ethanol by 
\igourous, but careful» stirring by a bubbling htream of air during 30 mm. The suspension is left for 
10 mm. on the laboratory benrh to settle. The fibious dunt that floats on the surface is removed and 
suspended again in 250 ml 7 5 % ethanol The fibrous dust is washed in total 4 t o 5 times until the 
suspension is clear. The 5 or 6 ahqouts of 250 ml suspension arc each filtered through filter paper 
(SCHLEICHER and З с н п л , no 595). Each filter paper is rinsed with 25 ml ethanol 7 5 % in а pe tri dish 
(diameter 10cm). Further procedures are the мате as m the direct observation of the dust in etha­
nol. 
Appendix I I Arthropod extraction according to OSHIMA [21] 
A series of mixtures of carbontetrachloride and ethyl ether are prepared with specific gravities of 
1.50, 1.45, 1.40, These are used in addition to the pure solvents with specific gravities of 1.60 (carbon­
tetrachloride) and 1.30 (ethyl ether) The solutions are dehydrated with sodium sulphate before use. 
Approximately 10 g of dust is passed through a sieve (mesh size 0.5 mm). From the fme portion 1 g 
is taken and shaken in a 500 ml separate-funnel with 200 ml carbontetrachloride, After settling for a 
few minutes, the suspension and sediment are drawn off separately and filtered through filter paper 
to give fractions VI and V I I , leaving about 50 ml of supernatant in the funnel. The mixture with 
specific gravity of 1.50 іь than added (150 ml). After shaking, the solution is allowed to settle and about 
150 ml of both sediment and suspension is again drained off and filtered to give fraction V, leaving, 
as before, approximately 50 ml of supernatant in the funnel The procedure is successively repeated 
with the other mixtures with specific gravities of 1.45, 1.40 and 1.30 to obtain the fractions IV, I I I 
and IT. Finally, the 50 ml of supernatant remaining in the funnel is drained off, the funnel washed 
thoroughly with diethyl other and the total fluid filtered to obtain fraction I . Each filter paper is 
carefully examined under a binocular stcreonucroscopo and permanent mass-preparations are made 
of all arthropods. When high numbers of mites are expected it is wise to u^e two or three filter papers 
successively m every fraction. 
Appendix I I I Arthropod extraction according to STEN-ICS and CUXNINOTON' [32] 
The dust (10 g) is evenly distributed over a white metal tray covering an area of 25 cm 2 . This area 
is subdivided into five 5 cm squares and dust is taken from each square to obtain a reprc entative sub-
sample of approximativoly 250 mg. Each sub sample is rephcated four times. After weighing the dust 
is dispersed in 90 % lactic acid, and held a t 50-55 "Ό for 24-48 hours. The suspension is centrifugedat 
low speed (approximately 400 g) for 3 or 4 mm Supematants and sediments (the Latter dispersed in 
distilled water) are poured in thin layers into petndishes and examined under a preparation micro­
scope. Temporary mounts of all mites are made for counting and identification. Permanent mounts 
are made of representative collections of specie^ from each sample. 
Appendix IV Arthropod extraction according to B B O X S W I J K [8] 
Small samples of dust (0.1 g of mattress dust, 0.5 g of floor dust) wore weighed in a 250 ml beaker. 
Two ml detergent (Extran®, E Merck, Daimstadt , Germany) are added and the beaker is rotated to 
fully wet the dust. Then 50 ml of Darlin solution(1 par t glycerol and 1 part aqueous saturated NaCl 
solution) is poured into the beaker. The material is stirred with a magnetic stirrer to fully suspend 
the dust without producing any foam, and the suspension poured into a petri dish (diameter 10 cm). 
The surface of the liquid is inspected for mites, starting 2-30 m m after pouring, with the aid of a 
preparation microscope (12-25χ magnification). All arthropods arc mounted in Hoyer's medium. 
Three replicate subsamples are taken. 
Appendix V Extraction of living arthropods from house-dust with a modified Berleso funnel [29, Θ] 
Berlese funnels (top diameter 13cm, bottom diameter 4 5 cm, total height 18 cm, distance from upper 
n m to metal screen 6 cm, wire screening 0.2 cm apertures) are constructed with t in plate, galvanized 
iron, stainless steel or polished stainless steel Portions of 2.5 g of dust are placed on top of the wire 
screening and covered with the lid of a potn dish large enough to cover the dust The funnels are plac­
ed over 600 ml pyrex beakers containing a small water filled p e t n dish beneath the funnel and p u t б cm 
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below a 100 W lamp After 24 hr the small pétri dishes are removed and the water surface examined 
under a stereomicroacope (12-25 χ ). Arthropods are picked up with a fine needle or brush and mount­
ed in Hoyer's medium. 
Appendix VI Concentration method for spores and pollen (based on BEUO et al. [6] 
Dust is weighed and put in a centrifuge tube. Hydrochloric acid (26%) is poured over the sample 
until no more CO, is generated (this removes the carbonates from wallplaster etc ). Potassium hy­
droxide (15 %) is added until the pH is strongly basic The suspension is quickly heated to the boiling 
point), centnfuged, decanted and washed with distilled water (tap water may contain pollen or spores) 
a number of times until the solutionis clear after centrifugat ion The sediment (or part of it) is moun­
ted in glycerm-gelatin with a droplet of fuchsin solution (0 5 g basic fuchsin in 100 ml 7 0 % ethanol). 
Fuchsin will stain pollen red, femspores roze, while fungal spores do not absorb the stain and will 
generally be darkbrown to black. 
Sand particles can be a problem in mounting When the dust is suspended in the KOH solution, 
before centnfugation, the centrifuge tube can be rotated to separate the heavy sand at the bottom 
from the suspended organic particles. The last mentioned can be drained off in a centrifuge tube. The 
sand can also be removed by a chemical treatment to be inserted after the HCl and KOH treatment. 
The sediment is heated in a platinum or nickel crucible with hydrofluoric acid (30-40 %) and boiled 
for a few minutes. The suspension is transferred to a pyrex or plastic centrifuge tube and centrifuged. 
After decanting, heat with hydrochlond acid ( 10 %) and centrifuge while still hot. Repeat washing with 
HCl until all collodial silicates and silicofluondes are removed For this chemical treatment of the 
sand particles a fumehood is indispensable. 
Appendix VII Quantitative analysis of microorganisms in house dust by a dilution plate technique 
(based on PARKINSON et al. [22], BERNSTEIN & SAFFER-VAN [Ô], LUSTORAAF [17] 
Small quantities of fine dust (without sand,fibres etc.) are weighed and dispersed in distilled water 
with 0.02 % Tween 80 (bacteria and most fungi), distilled water with 50 % sucrose and 0.02 % Tween 
80(xerophilic fungi) or 0 2 M THIS buffer, pH θ θ (algae), by manual shaking for 1 min and mechani­
cal vibration for 10 mm. The ratio dust-liquid should be defined, e g. 1: 50 (weight to volume) A 
dilution series is made at the rate of 1 to 10. The appropriate dilutions are those causing 20-200 colo­
nies to develop on the agar plate. The agar plates (for appropiate media see Tab. Θ) are inoculated 
with 0.1 ml inoculum that is spread over the plate with the aid of a Drigalsky spatula (a 12 cm long 
glass rod (diam 0.4 cm) bent in a L). Three plates are inoculated for every dilution. After incubation 
(see Tab. 6 for the appropriate conditions for the different groups of organisms) the colonies are count-
ted under a preparation microscope (10-80 X magnification). For specific identifications microscopic 
slides and pure cultures are usually prepared. The experiment is done at laest in triplicate, depending 
on the heterogenicity of the dust. 
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Abstract 
Aspergillus penicilloides Speg., Eurotium halophilicum Christensen et al. 
and other xerophilic fungi were isolated from house dust. The isolates of 
E. halophilicum are described and compared with the type strain of this 
species. A. penicilloides appeared to be rather common. The species con­
cept of this species is broadened to accomodate some variable forms with 
different colony characters and conidophore structures. The role of both 
species is discussed in connection with house-dust mites, house-dust 
allergy and skin diseases. 
Introduction 
In view of the study of the fungal flora of house dust in connection with 
mites and allergens, numerous xerophilic isolates were encountered. Most 
of the isolates belong to the genus Aspergillus and a few could be identified 
as species of the genera Pénicillium and Wallemia (9,10). The species of the 
genus Aspergillus were mainly represented by taxa of the A. glaucus and 
A. restrictus groups. Two of the isolates proved to be identical with Euro-
tium halophilicum Christensen et al., a spieces described from stored 
wheat (5). These isolates differ slightly from the type strain and additional 
information about its morphology is given in this paper. 
Most of the isolates of the A. restrictus group could be identified as A. 
penicilloides Speg. but other similar strains vary in colony tecture and in 
some conidiophore characters. Therefore, the species concept is broadened 
to accomodate these strains. 
* Reprint requests to: Centraalbureau voor Schimmelcultures. Postbus 273, Baam, 
The Netherlands. 
** Supported by grant No. 230 of the Dutch Asthma Foundation. 
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Eurotium halophilicum Christensen et al. 
Stat. Conid. Aspergillushalophilicus Christensen et al. (Fig. 1,2). 
Colonies not developing on malt extract agar (MEA) or Czapek agar without 
additional sucrose or NaCI concentrations. In some cases colonies develop 
in slant cultures after several weeks on the dried agar touched to the glass-
surface. On MEA or Czapek agar with additional sucrose colonies grow 
slowly, mostly developing cleistothecial structures after 2-3 weeks. Coni-
dial state usually absent during early development; appearing after cleisto-
thecia have been formed. The conidial state was rarely observed when 
cultures were grown in petri dishes, but were more regularly found in slant 
cultures. Colonies on MEA or Czapek agar with 64% sucrose (a
w
 = 0.82) 
attain a diameter of 14 and 5 mm respectively after 2 weeks incubation 
at 25t;. 
Cleistothecia globose, white to cream, 150-200 μπι in diameter, initiating 
from a conspicuous coil; wall consisting of more or less uniform, flattened 
cells. Asci globose to obovoidal, 9-14 μιη in diameter, bom on croziers, 
evanescent. Ascospores oblate, rough-walled, with a shallow furrow and 
low ridges, hyaline, 4-5 χ 5.5-7.5 д т . 
Conidial state yellow green or grey-green, in the present type strain colour-
000000, 
Fig. 1. Eurotium halophilicum, a. cleistothecium. b. ascoma initials, с asci. d. ascospo­
res. 
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less. Conidiophores smoothwalled, hyaline, 50-300 μπι, in length. Heads 
radiate, 100-200 μηι in diameter, uniseriate. Vesicle globose to subglobose, 
12-15 μπι in diameter. Phialides flask-shaped, 3-6 χ 6-14 μνη. Conidia 
mostly globose to ellipsoidal often with truncate ends, green, echinulate 
(in present type strain hyaline and smoothwalled or nearly so), 4-6.5 χ 
6-11 firn. 
Material examined: CBS 645.77, isolated from house dust of crew's 
quarters of the oceansteamer 'Balong' (Nedlloyd, Rotterdam, captain J.W. 
Koning), CBS 644.77, isolated from mattress dust, institute Bayard, Groes-
beek, The Netherlands. 
Fig. 2. Aspergillus halophilicus, conidiophores and conidia. 
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Aspergillus pemcilloides Spegazzini (fig 3,4, Table 1) 
Colonies do not grow on MEA or Czapek agar or only after a few weeks 
when the medium is dned out Typical sporulation rarely occurs on these me-
dia Colonies on MEA or Czapek agar with 20, 40 or 64% sucrose grow more 
Fig 3 Aspergillus pemcilloides, comdiophores and conidia 
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Table 1 Colony diameter of Aspergillus pemcilloides on malt extract agar (MEA) and 
Czapek agar dishes with and without additional sucrose after 2 weeks of incubation at 
25°C 
Agar 
medium 
MEA 
MEA 
MEA 
MEA 
Czapek 
Czapek 
Czapek 
Czapek 
Sucrose addition 
(1% on weight 
base) 
0 
20 
40 
64 
0 
20 
40 
64 
Water 
activity 
100 
0 97 
0 94 
0 82 
100 
0 97 
0 93 
0 82 
Colony 
diameter* 
(in mm) 
2 
12 
37 
14 
1 
10 
26 
6 
( 0 - 6) 
( 1-20) 
(12-54) 
( 3-18) 
( 0 - 2) 
( 0-20) 
( 1-43) 
( 0-10) 
* Mean and range from 9 isolates, mainly from house dust 
\0μπ\ 
Fig 4 Aspergillus pemcilloides, atypical comdiophores with dichotomously branched 
stipes 
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rapidly attaining a diameter of 0-54 mm within 2 weeks at 250C. Colour 
blue-, yellow-, or grey-green, sometimes intermixed with some white or 
yellow mycelium, or some white or light buff conidiophores (Ridgway 
(12), PI. 15). Reverse not coloured or in dark, dirty-green shades, occa­
sionally yellow with red or green spots. Odour not pronounced. 
Conidiophores arising directly from the substratum, sometimes from 
aerial hyphae, radiate to columnar, 35-100 цтп length, 4-12 um wide. 
Vesicles subglobose to ellipsoidal, hyaline to slightly green, diameter 
5-30 д т . Conidiophore stipe smooth-walled, hyaline to greenish. In 
some strains the conidiophore is dichotomously branched, giving rise to 
two heads. Phialides arising directly from the upperhalf of the vesicle, 
flask-shaped, 2.5-3.0 χ 6.0-9.0 μτη. Conidia ellipsoidal to subglobose often 
with truncate base, in some strains almost cylindrical, mostly distinctly 
echinulate, 3.0-3.5 χ 3.0-7.0 μτη. Sclerotia sometimes produced after 
3 weeks in center of colony, consisting of an irregular mass of hyaline 
cells, 100-400 μτη in diameter. 
Material examined: Four isolates from mattress dust, Institute Bayard, 
Groesbeek, The Netherlands; two isolates from room air, Groesbeek (see 
above); one isolate from a rearing of the house-dust mite Dermatophagoi-
des pteronyssinus (Trouessart 1897); one isolate from house dust of crew's 
quarters of the oceansteamer 'Balong' (see above); and many others. 
Discussion 
The examination of the type strain (CBS 122.62) of E. halophilicum 
shows that it produces white cleistothecia and sparse, hyaline, smooth-
walled, conidial structures (compare also observations by Blaser (2). 
Christensen et al. (5), however, described their isolates as having white to 
maize yellow cleistothetia and Pea to Sage Green (after Ridgway, (12) 
conidial heads. The present isolates from house dust agree in all respects 
with the original description. The transformation of the type culture may 
be due to its cultivation and repeated transfers on artificial media. 
The strains of E. halophilicum fail to grow on MEA or Czapek agar without 
additional sucrose and this might be the reason that this species has been 
isolated only from beans and sorghum seeds since its discovery (4). In our 
experiments we have twice encountered E. halophilicum and, although 
we consider this species to be rare, its occurence in dry habitats may be 
underestimated. 
The description of A. penicilloides is broadened because of the variation 
in colony texture and conidiophore morphology. Amongst the strains 
examined columnar heads are rare and therefore these isolates may easily 
be confused with the conidial states of Eurotium. The radiate heads and 
the occurrence of sclerotia clearly indicate a relationship between A. peni­
cilloides and other species of the A. glaucus group. In spite of numerous 
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attempts we have not observed a perfect state either in our A pemcilloi-
des strains or after crossing the available strains 
A pemcilloides proved to be very common in all house-dust samples 
The species bears some resemblance to A fumigates Fres on the basis of 
the green colour, the umsenate heads and sometimes by its columnar 
comdial heads Storm van Leeuwen et al (13) observed mats of conidiop-
hores of the A fumigatus type growing from moistened kapok of used 
mattresses They considered these fungi to be responsible for the clear 
positive skin reactions which were obtained with extracts of the kapok 
As many strains of A pemcilloides closely resemble A fumigatus macros-
copically. Storm van Leeuwen et al (13) may have actually seen and tes­
ted A pemcilloides 
House-dust mites are associated with house-dust allergen(s) (14) Recent­
ly it was found that reanngs of Dermatophagoides pteronyssinus (Troues-
sart 1897) as well as cultures of microorganisms associated with D pte­
ronyssinus, contained house-dust allergens (1) Although no microorga­
nisms were determined by these investigators, it is likely that xerophihc 
fungi were involved in the house-dust allergen production of both cultures 
From our own experiments and those of Bronswijk & Sinha (3), it can be 
concluded that xerophihc fungi ι e E amstelodami Mangin, E repens 
de Вагу and A pemcilloides can stimulate the population growth of the 
house-dust mite No pathogenicity of the xerophihc fungi to the mites was 
observed 
Expenments to determine the role of A pemcilloides and other xerophi­
hc fungi in the stimulation of house-dust mite populations and the produc­
tion of house-dust allergens are now in progress 
In recent years A pemcilloides was reported from optical equipment (11) 
and soil (6) Isolations from cases of keloidal blastomycosis (Lobo's disease) 
(7) and of lung aspergillosis (8) point to the posible human and animal 
potential pathogenicity of A pemcilloides As A pemcilloides also seems 
to be frequently present in house dust, this fungus should be seriously 
regarded as a possible causative agent m allergic skin and lung diseases 
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Ecological Relationships between Xerophilic Fungi 
and House-Dust Mites (Acarida: Pyroglyphidae) 
B. v.d. Lustgraaf* 
Laboratory of Mimbiology, Institute of Dermatology. State University, Utrecht, 
and Department of Botany, Catholic University, Nijmegen, The Netherlands 
Summary. At. 75 and 80% relative humidity (RH), on a wheat germ flake me­
dium, Aspergillus pemcilloides grew abundantly and suppressed the popula­
tion growth of Dermatophagoidespteronyssinus. At 7 1 % RH, A. penicilloides 
grew moderately and was only antagonistic to D. pteronyssinus when the 
fungus was previously incubated on the medium. 
On a human dander medium and on mattress dust, A. pemcilloides grew 
moderately at 71% and 75% RH and stimulated the development of D 
pteronyssinus populations. Also a moderate growth of Eurotium repens on 
human dander positively influenced D. pteronyssinus. Wallemia sebi and Péni-
cillium brevicompactum grew slightly or did not grow at all at 75% RH. 
No effect was observed on D. pteronyssinus. 
It appears that xerophilic fungi may stimulate, and occasionally may 
reduce, the growth of house-dust mile populations in the natural environ-
ment. 
Introduction 
House dust is a dry habitat in which only a few xerophilic organisms can 
live. Among these are the house-dust mites (Acarida: Pyroglyphidae) (Bronswijk, 
1973) and xerophilic fungi (Lustgraaf, 1977; Lustgraaf and Bronswijk, 1977; 
Lustgraaf and Jorde, 1977). In Western Europe, the most abundant house-
dust inhabitants are the mite Dermatophagoides pteronyssinus and fungi belong-
ing to the Aspergillus glaucus and A. restnetus groups. House-dust mites are 
associated with house-dust allergen(s) (Voorhorst et al., 1969) In the house-dust 
environment, human skin scales provide food for both mites and fungi (Brons-
wijk and Sinha, 1973). 
Little is known about the ecological relationships between house-dust mites 
and xerophilic fungi. Bronswijk and Sinha (1973) found that D. pteronvssinus 
* Present address Laboratory of Mimbiology, Institute of Dermatology, State University, Catha-
njnesingel 101, Utrecht, The Netherlands 
0029-8549/78/0033/035I/S01.80 
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grew better on human skin scales which had been predigested by a member 
of the A glaucus group, Euiotium (Aspergillus) amstelodami Mangm 
The aim of this study is to define more precisely the relationships between 
xcrophilic fungi and house-dust mites For this purpose the fungal flora was 
studied in laboratory reanngs of house-dust mites Also experiments are de­
scribed in which the effect of some xerophilic fungi on the growth of D pterom s-
smus populations is determined at varying substrate and air humidity conditions 
Materials and Methods 
Two Dtìmutophacouìes ptii(>ins\init\ (Тгоиеььагі 1897) reanngs of 7 and 14 months respeclivclv 
and a 27 month house dust rearing of D />lit(m\\\iniis and tut<>gl\phu\ magnet (Cooreman 1950) 
»ere examined The reanngs were kepi at 25° С in closed vessels containing a saturated NaCl 
solution (7S°„ relame humidil} (RH) Winston and Bales 1960) О piiiomtsimn was fed wilh 
wheal germ Hakes >t.ast powder casein dried lish meal and dried Daplmia in varving proportions 
The house dust rearing oiigmatcd from the ocean steamer Balong (Ncdlloyd lines Rotterdam 
Captain J W Koning) 
Mites and rearing medium particles (equal in size lo the mites) were inoculated on lo malt 
extract agar of Oxoid (MhA) containing 0 or 40°« (w'w) sucrose Part of the mile inoculum 
was surface-disinfected in 0 2οο HgCK tor 2 mm and was washed subsequcntlv in sterile distilled 
water for 10 mm The lungal oulgrowlh was anal>/cd after 7 to 9 dass of incubation at 25° С 
The significance of the dilfercnce with respect to the contamination with fungi is tested with 
Ihe / ' lest al 2 = 0 05 (Siegel 19^6) Tesis for sterility were performed 
Si\ replicate samplesol 0 02 g dusl (discslcd of sand and libers) were examined for mites using a 
flolalion technique (Bronswijk 1971) and a stereomicroscope (25 χ ) Miles were embedded in 
Hovers medium (Baker and Wharton 1952) and studied under a phase-contrast microscope 
Three replicate samples of 0 02 or 0 005 g medium (dust samples di\ested of sand and fibers) 
were examined for lungi b\ a dilution plate eoum technique (Bronswijk et al in press) using 
Ml Λ wilh 0"n (lo isolale h>drophilic and mesophilic fungi) 40% (10 isolate mcsophihc xerophilic 
and hsdrophihc fungi) or 640u (lo isolale xerophilic and mesophilic fungi) sucrose Two duplicate 
experiments were performed The null hypothesis of no difference between the means of each 
6 replicates is tested with the randomization tesi at j —0 05 (Siegel 1956) 
Twents miles from a rearing of D ригоп\ wnu·* which had been contaminated with Asptrgtlhrt 
penHillmiks Spcg (4 uMiiaus group) ssere inoculated into flasks each containing 0 02 g wheat 
germ flakes casein >casl powder (1 1 I w w) medium Prior to the inoculation of the miles 9 
of a total of 18 flasks were incubated for one week with A piniiillouk\ at 25° С 1 of them in 
a closed vessel containing saturated SrClj 6H2O (7Po RH Winston and Bates 1960) λ of them 
in a vessel wilh saturated NaCl (75''o RH) and 1 of them in a vessel with saturated ( N H ^ S C ^ 
(SO"» RH) Alter inoculation of the mites Ihe flasks were (rc)placed at the above mentioned humi 
dines The miles »ere eounled under a stereomicroscope (10 25 χ ) after 8 weeks of incubation 
at 25° С Two duplicate experiments were performed and details were as described above 
Twenty miles (Ö ptaonw.imis) »ere inoculated into flasks each containing 0 005 to 001 g 
mattress dusl The dusl had been slenli/cd before in saturated propylene oxide for 40 h (Solomon 
el al 1964) The miles were incubated al 7 l ' ,o RH Prior 10 the inoculation of miles 24 flasks 
were ineubalcd at ""ιΌ RH for 0 8 16 or 24 weeks 12 of ihem with A ptnuilhuhs Three 
replicate flasks were taken at each incubation time F-urlher details »ere as described above 
Twentv five miles were inoculalcd into flasks each containing 0 01 g human skin scales'veast 
powder (1 I w w) medium The miles were mcuba'ed at 71'Ό RH Prior to the inoculation of 
mites 21 ol a lolal of % flasks »ere incubated for 6 weeks at 25° С and 75°0 Rll wilh A ptnuillmtU* 
Iwolttmi ( 4\pt ι çilliis) upan Corda (A plantin çioiip) llulltniui чЬі (í-r)v Arx Pc nu illium 
hiiiuompaitum Dierckx and without fungi In the remaining flasks these same fungi »ere inoculalcd 
more heavily but no previous incubation had been conducted Three replicate flasks were taken 
for each tvpc of fungus Skin scales were collected from the heads of students and from healthy 
skin parls of leg ulcer patients hurther details were as described above 
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Results 
Fungi m Hearings of House-Dust Miles 
Seven months prior to this investigation numerous mites were observed in 
the 14-month rearing of D pieiomswius At that time, a sample of miles was 
taken from it and transferred to fresh medium in order to initiate the 7-month 
rearing At the beginning ofthis investigation nearly all the mites in the 14-month 
rearing were found dead onl> some larvae and nymphs survived The ''-month 
rearing was flourishing and contained a dense population at all stages Freshly 
collected, the house-dust sample of D pteiomssimis and E numui contained 
1 mites per 0 5 g dust After 19 months of incubation the culture was flourishing, 
although no precise counts were made, 8 months later only dead mites were 
found (25 ± 1 specimens per 0 02 g dust) 
Three or less diaspores of mesophilic and hydrophilic fungi were isolated 
from 600 μg of medium of both the 7- and 14-month D ptuam ssmus reanngs 
and the housc-dusl rearing Ρ chi ι sogenum Thorn and yeasts were mainly deter­
mined among the fungi Table 1 shows that xerophihc fungi were isolated 
from these reanngs 3 x l 0 2 to 3x 104 times more frequently than mesophilic 
and hydrophilic ones Λ penuilloules was the most abundant species The house-
dust rearing also contained considerable numbers of E halophiluum Chnstensen 
et al cells Table I shows also that the 14 month rearing contained significantly 
more A pemcilloides diaspores than the 7-month rearing Observations made 
at a dilution of 10 ' showed an absence of xerophihc fungi in 200 μg of the 
original food ingredients 
All 71 living mites and medium particles of both the 7- and the 14-month 
rearing were contaminated with A pemcilloules, but only 4 of 88 mites and 
Table 1 Xerophihc fungi in reanngs of house-dust mites (Acanda Pyroglyphidae) 
T\pe of rearing Quantnv Number of diaspores 
investigated 
(in pg) Asiuiçillits Fiuottuin 
pc mt illoidc", lialapliilu um 
7 month rearing of 6 102(73 171) 0 
D pui(>n\ wuuis on a 
wheat germ Hake medium 
14 month rearing of 6 1016(655 1348) 0 
D pttum\ swm/s on a 
wheii germ flake medium h 
27 month rearing of 60 78(25 132) 7 ( 1 14) 
D рніші\ isinm and 
F nun mi on house dust 
Mean and range Irom 2 duplicate experiments ol 3 replicates each 
b
 One colony of A gutcili*, Bam and one colony of an undetermined member of the 4 ціашт 
group were also observed 
Probability of the difference /> = 0 0()2 
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Table 2. Contamindlion wiih fungi of D pterom ÏHHIH and medium panicles from mile rejrmgs 
Living mites and particles were inoculated on MF Λ to isolale h>drophilic and mesophilic fungi, 
and on МЬА with 40°ij sucrose lo isolale mesophilic and xerophilic fungi 
Inoculum 
Type 
Miles 
Miles 
Medium 
Medium 
Mues 
parti 
paru 
des 
clés 
surface-disinfected 
Miles 
surface-disi nfected 
Age of rcari 
14 
7 
14 
7 
14 
7 
mgs 
No of inocula with 
mesophil 
No 
tested 
16 
24 
24 
24 
19 
24 
ic fungi 
No 
positive 
0 
-i-i 
1ь 
ν 
0 
ι-
No of inocula with 
xerophil 
No 
tested 
12 
18 
21 
20 
19 
24 
ic fungi 
No 
positive' 
12 
18 
21 
20 
15 
9 
Penialliuni sp 
Ρ thiwogi'iiuni 
A yeast 
Ρ biL'iitompitttum 
A peniiiilnnk's 
medium particles were positive for mesophilic and hydrophilic fungi (Table 2). 
Surface-disinfected mites from the 14-month rearing were associated more fre­
quently with A. pemcilloides than those from the 7-monlh rearing (χ2 = 5 8, 
Ρ < 0.01, Table 2). 
The medium particles of the 14-month rearing showed a brown discoloration. 
Fungi could not be traced in the rearmgs with the unaided eye, however, mic­
roscopical observations revealed masses of A. penialloides conidia on all medium 
particles. Numerous conidia were also present on the outer surface of the mites 
and in the digestive system and fecal pellets (Fig. 1). No mycelium was found 
to be associated with the mites. 
The Growth of D. pteronyssinus al Different Level 
of Relative Humidity m the Presence of A. pemcilloides 
D. pteronyssinus mites, which were contaminated with A. pemcilloides, built up 
larger populations at 71% RH than at 75 or 80% RH (Fig. 2) This figure 
also shows that at 71% RH, the mite growth was negatively affected by the 
preincubation with A. pemcilloides. No such significant difference existed at 
75 or 80% RH. On the wheat germ flakes/casein/ycast powder medium, A. pem­
cilloides developed a dense mycelium with conidiophores at 75 and 80% RH. 
At 71% RH. the medium remdined granular, although on the glass surface 
of the flasks some hyphae and incomplete conidiophores were seen. 
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Fig. IA-C. A. pemcitioides conidia in the digestive system and fecal pellets of juveniles of D. 
pteronyssinus. A Total view on a nymph В Dorsal view on esophagus. С Fecal pellet Co conidia. 
Mg midgut. Hg hindgut 
The GroKlh of D. pteronyssinus in Mattress Dust 
with A. penicilloides Added 
Less diaspores of A. penicilloides were counted in mattress dust in equilibrium 
with 75% RH at longer incubation periods (Fig. 3). No viable cells were re­
covered from the mattress dust incubated without A. penicilloides. In none of 
the samples with A.penicilloides added were any other fungal species found. 
A thin mycelium was observed on the dust particles and on the glass walls 
of the flasks with A. penicilloides. D. pteronyssinus, when transferred to these 
substrates, developed significantly better on the mattress dust preincubated with 
A. penicilloides (Fig. 4). 
The Growth of D. pteronyssinus on Human Skin Scales 
with Xerophilic Fungi Added 
The population growth of D. pteronyssinus was enhanced significantly on human 
dander/yeast powder which had been preincubated with A. penicilloides or E. re-
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Fig. 2 Number of D pteronyssmus on wheat germ flakes/casein/yeast powder after after 8 weeks of 
incubation at 25°C and 71 75 or 80% relative humidity together with A pimcillmdes Cultures 
started with 20 miles Two duplicate experiments о П replicates each were performed with and without 
preincubation of the culture medium with the fungus at 25° С and different air humidities Probabil­
ities of the difference 71-75% and 71 80% without preincubation P = 0 002 71 75% with preincu­
bation /' = 0004 71 80% with preincubation P=Q02 7 1 % without preincubation - 7 1 % with 
preincubation Я = 0 009 
σ>800 
s
4 
£ 6 0 0 
first experiment 
second experiment 
mean of 2 experiments 
-ί-
Ο 24 
E 
S 100 
.a 
E 
50 
D 
preincubalion with 
Aspergillus penicillotdes 
premcubation wi lhoul 
A_ penici Modes 
I 
Л L I_LU 
preincubalron 
16 24 
l ime (weeks) θ 16 
3 time (weeks) 
Flg. 3 Number of diaspores of A peniitlhules in mattress dust after incubation at 25° С and 
75% relative humidity Two duplicate experiments of 3 replicates each were performed 
Fig 4. Number of D pteronnswu·, in mattress dust after 8 weeks of incubation at 25° С and 
7 1 % rclatue humidity Two experiments of 3 replicates each were performed after preincubation 
for 0 to 24 weeks at 25° С and 75% relati\e humidity with and without A penuilioides Cultures 
started with 20 mites Probabilities of the difference between preincubation with and without A 
pemalloidei 0 weeks/ > >005 8 weeks P=0002 16 weeks P-0 002 24 weeks Ρ = 0 004 
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Table 3. Number of D pieromssmut on human skin scales/\east powder after 8 weeks of incubation 
at 25° С and 71Ч relative humidity Cultures started with 25 mites after preincubation of the 
culture medium for 6 weeks at 25° С and 75% relative humidity with and without fungi 
Origin of the 
skin scales 
Head 
Head 
Head 
Head 
Head 
Leg 
Leg 
Species of fungi added 
Aspergillus peniallotdes 
burotium repens 
Wallemta sebi 
Peititillium breiitompaclum 
No fungi 
Aspergillus penuilioides 
No lungi 
Number of mites* 
Mean" 
148 
205 
74 
103 
80 
102 
115 
Range 
(112 210) 
(158-270) 
(48 171) 
(36 158) 
(2-133) 
(91-134) 
(7 195) 
" Two duplicate experiments of 3 replicates each 
ь
 Probabilities of the difference A penialloides - n o fungi P = 0 01 E repens — no fungi P=0 004, 
W sebi — no fungi Ρ>0 05 Ρ breiicompac[um — nofüngiP>0 05iA penicilhidesl]eg skin scales — no 
fungi/leg skin scales P>0 05 
Table 4. Number of D pteron\s<¡mus on human dander/yeast powder 
after 8 weeks of incubation at 25° С and 71% relative humidity Cul­
tures started with 25 mites after addition of fungi to the culture medium 
Species of fungi added 
A spergdlus pemcilloides 
Eurouum repens 
Wallemia sebi 
Pénicillium breiicompactum 
No fungi 
Number of 
Mean" 
85 
5 
18 
19 
17 
miles3 
Range 
(33 150) 
(0-16) 
(0-29) 
(0-53) 
(3-58) 
* Two duplicate experiments of 3 replicates each 
ь
 Probabilities of the difference A pemcilloides —no fungi P = 0 009, 
E repens — no fungi P>0 05 W sebi - no fungi Ρ > 0 05 Ρ breiicom­
pactum—по fungi P>0 05 
pens (Table 3) Preincubation with ÍV sebi or -P brevicompactum had no signifi-
cant effect At 75% RH, these fungi either did not grow or grew very poorly, 
while A pemcilloides and E repens formed a thin mycelium on the medium 
particles A pemcilloides did not positively affect the mite growth on skin scales 
from the leg (Table 3) Without prior incubation of the dander with the fungi, 
only A pemcilloides supported the mite growth (Table 4) In the flasks with 
A pemcilloides, most of the mites were concentrated at sites with an excess 
of fungus inoculum Hyphal growth was observed on the human dander particles 
at these sites The human dander in the flasks with E repens was joined together 
to form a solid mass, a result of abundant hyphal growth No hyphae were 
observed in the flasks with W sebi and Ρ breiicompactum 
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Discussion 
Compared to the numbers of mesophilic and hydrophihc fungi, numerous dia-
spores of A pemciUoides were found in the house-dust mite reanngs This obser-
vation suggests that the xerophilic fungus is able to colonize the rearing media 
at optimal conditions for mite growth A peniulloides might be responsible 
for the observed decline of an older D pteron\mnus rearing by its poisoning 
ot the medium with its toxic metabolites This finding can be compared with 
the report of Solomon et dl (1964) on antagonism between the fungal species 
W sebi and A restnctui and flour mites (Acarui siro L ) 
On wheat germ flakes/casem/yeast powder, D pteronywinus developed dense 
populations at 71% RH, but not at 75 and 80% RH Obviously the observed 
abundant growth of A pemcilloides at 75 and 80% RH hindered the population 
development of the mites Usually a RH of 75 to 80% is maintained to rear 
house-dust mites (Voorhorst et al , 1969 Bronswijk and Sinha, 1973) I think 
it is better to maintain 71 to 73%, especially when media such as wheat germ 
flakes are used 
Members of the A glaucus and A restnetus groups are a common cause 
of spoilage of stored grain where they break down fatty substances of the 
kernels (Sauer and Christensen, 1969) Human skin scales must contain at least 
10% fat (Carruthers, 1962) This percentage is toxic to D farinae Hughes 1961 
(Matsumoto, 1975) Bronswijk and Sinha (1973) found that only partly defatted 
human dander is suitable for the nutrition of D pteronyssinm The observed 
beneficial effect of E repens and A pemcilloides on the mite growth may be 
due to fat digestion of the human dander by the fungi Possibly because the 
leg skin scales had a lower fat content than the dander (Marples, 1965), the 
growth of A pemcdloides on this substrate did not positively affect the mites 
Conidia of A pemcilloides were observed to pass through the digestive tract 
of the mites without incurring morphological damage Griffith et al (1959) 
reported that 78% of the conidia of the related species A resmctus from fecal 
pellets germinated Apparently the conidia were only digested to a minor degree by 
the mites The growth of D pterony ssmus which we observed on human dander 
at the inoculum masses of A pemcilloides probably did not result from the 
use of conidia as a food source but from the digestion of the human dander 
fats by the fungal growth However, heavy inoculation followed by abundant 
hyphal growth can inhibit mite development, as was seen with E repens 
Since the dilution plate count technique is not effective for the measurement 
of spore germination and hyphal growth (Parkinson et al , 1971), the counted 
number of diaspores of A pemcilloides in mattress dust decreased at longer 
incubation times at 75% RH Mattress dust improved significantly as a substrate 
for D pterom 4sinus after preincubation with A pemcilloides Since the ratio 
of pyroglyphid mites to xerophilic fungi in this experiment is about as high 
as that found in the dust of occupied mattresses in July in the Netherlands 
(2x10 \ Lustgraaf, unpublished), it is concluded that xerophilic fungi can 
also aid the growth of house-dust mites in the natural environment In this 
way the fungi indirectly stimulate the formation of house-dust allergens 
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hcologicdl Relationships bcluccn Fungi dnd House Dust Mttcs 359 
The dntdgonistic effects of xerophilic fungi on house-dust mites were observed 
after abundant fungal growth Occdsionally when high air humidities (80% 
or higher) occur in house dust for months (i e in cellars or rooms with moist 
walls) antagonistic effects of fungi to house-dust mites arc probable 
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VI. SEASONAL ABUNDANCE OF XEROPHILIC FUNGI AND HOUSE-
DUST MITES (ACARIDA: PYROGLYHIDAE) IN MATTRESS DUST. 
By B.v.d. Lustgraaf1·2 
Laboratory of Minibiology, Institute of Dermatology, State University, 
Utrecht and Department of Botany, Catholic University, Nymegen, The 
Netherlands. 
Summary 
Arthropods and xerophilic fungi in dust from 5 mattresses and air-borne 
fungi were identified and counted every 4 weeks from January 1976 to 
October 1977. 
The arthropod fauna consisted mainly of the pyroglyphid mites Dermato-
phagoides pteronyssinus (58%) and Europglyphus maynei (30%). The 
fungal flora consisted οι Aspergillus restrictus (48%), A. glaucus (16%), 
Wallemia sebi (3%) and Pénicillium spp. (25%). Air-bome fungi belonged 
to the same taxa but in different frequencies, 30, 7, 21 and 27%, respec-
tively. Mattresses differed in quantities of mites and Pénicillium. 
In July 1977, the highest population density of pyroglyphid mites was 
encountered: 69 specimens /g of dust. In the same month the numbers of 
A. restrictus rose significantly, reaching a maximum of 3.8 χ 1θ4 diaspo-
res /g of dust. Most air-bome fungi were isolated in the winter period of 
1976/1977. No positive correlation was found between the numbers of 
air-bome and mattress-dust fungi. The summer of 1976 was exceptional­
ly dry resulting in both a premature decline of the mite populations and 
a low level of A. restrictus diaspores. 
The seasonal peaks of A. restrictus and pyroglyphid mites correspond and 
suggest a synergistic cooperation which may result in an increased house-
dust allergen production in the environment of asthamatic patients. 
Introduction 
House-dust mites (Acarida: Pyroglyphidae) are the best-known inhabitants of 
house dust (Wharton, 1976). Dermatophagoides pteronyssinus is the most 
abundant species in the temperate climate of Western Europe (Bronswijk, 
1 Supported by grant no. 230 of the Dutch Asthma Foundation. 
2 Present address: Laboratory of Minibiology, Institute of Dermatology, State University, Catharij-
nesingel 101 Utrecht, The Netherlands. 
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1973) In many countnes of Europe, Northern Amenca, Asia and Australia 
the numbers of house-dust mites show seasonal changes (Voorhorst et al , 
1969, Domrov, 1970, Sharp and Haramoto, 1970, Shamiyeh et al , 1972, 
Bronswijk, 1973, Hughes and Maunsell, 1973, Furumizo, 1973, Oshima, 
1975, Mumcuoglu, 1975, Dusbabek, 1975, Popescu and Bànescu, 1975, 
Miyamoto and Ouchi, 1976, and Dar, 1976) 
Some of the more xerophihc microorganisms, ι e fungi belonging to the 
Aspergillus restrictas and A glaucas groups, seem wide-spread m house 
dust (Lustgraaf, 1977, Lustgraaf and Bronswijk, 1977) Both positive 
effects (A pemcilloides, Eurotium repens, E amstelodami) and negative 
effects (A pemcilloides) to house-dust mite populations have been demon­
strated in laboratory expenments (Bronswijk and Sinha, 1973, Lustgraaf, 
in press) Alterations of house-dust mite populations by xerophihc fungi 
could be of medical importance as these mites are frequently associated 
with house-dust allergen(s) (Bronswijk, 1978) But it is not known if 
xerophihc fungi in house dust show seasonal changes in numbers 
In this study both the numbers of xerophihc fungi and house-dust mites 
in the dust of 5 mattresses %nd the numbers of air-borne fungi are follo­
wed for 2 subsequent summers Fluctuations have been considered with 
respect to synergistic or antagonistic interrelationships 
Material and methods 
From January 2 1976 to September 30 1977 samples were taken every 
4 weeks from 5 mattresses located in a cottage at a center for children with 
educational problems (Institute Bayard) in Groesbeek, The Netherlands 
Situation, construction and climate management of the cottage were des­
cribed earlier (Bronswijk, 1973)· Outdoor climatic changes were recorded 
daily by the Koninhjk Nederlands Meteorologisch Instituut (De Bilt) 
at Deelen, 30 km from Groesbeek Indoor relative humidity (Edney 
hygrometer, Tamson, Zoetermeer) and temperature (mercury thermo­
meter) were recorded weekly to trace significant deviations from outdoor 
measurements The cottage was inhabited by 9-12 male children, 13-18 
years of age 
The 5 mattresses examined (consecutively numbered 1 to 5) were of polyes­
ter foam and had been in use for 17 years Dust from their upper surfaces was 
sampled using a vacuum cleaner (Hoover 2907A) with heat-sterilized dis­
posable paper bags This procedure yielded an average of 0 54 g dust per 
mattress and did not affect the quantity of dust obtained throughout the 
expenment1 Coarse particles (sand, pieces of wood, fibers of 5mm or 
1 However, after a period without noctural occupations (July 1 July 29 1977, during summer 
holidays) the mattresses yielded less dust than after a period with a maximal number of occupa 
lions (November 19 December 17 1976,0 01<p < 0 05) 
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longer etc ) were removed with forceps On the average the fine fraction 
(mainly human skin scales and small fibers) weighted 85% of the total dust 
sample and was used for arthropod and fungal analysis2 
The dust fauna of each mattress was analyzed in 3-4 replicates of 0 025 g 
dust with a flotation method (Bronswijk et al, 1978) Before mounting in 
Hoyer's the active mites were separated from inactive (dead or quies­
cent) specimens 
To isolate xerophihc fungi, 3-4 replicates of 0 02 g fine dust from each 
mattress were surface-inoculated onto malt extract agar (Oxoid) with 
64% sucrose (MEA 64) using a dilution plate count method (Bronswijk 
et al, 1978) Colonies were counted on 3 agar plates at dilutions of 10° 
or 10"1 and the numbers found were expressed as the number of diaspo-
res /0 006 g dust Colonies with an aberrant texture were transferred to 
appropnate media for further identification (Raper and Fennell, 1965, 
Raper and Thorn, 1949, and Smith, 1971) Air-borne fungi were collected 
on each sampling date by exposing 3 MEA-64 agar plates to the room air of 
the cottage for 20 mm Three replicates were taken The expenment 
was also repeated with unmoculated media in order to detect contamina­
tion Non-spomlating my celia could not be identified and were excluded 
from Results From October 1976 to October 1977, the non-sporalating 
myceha composed 8% of the dust isolates and 12% of the air-borne isola­
tes 
The Friedman Test based on mean ranks was applied for testing the null 
hypothesis that the number of pyroglyphid mites or the number of fungi 
in dust is independent of the mattress from which the sample was taken or 
independent of the date of observation The significance of pairwise diffe­
rences between mattresses and dates of observation with respect to the 
amount of dust, the number of pyroglyphid mites and the number of fungi 
was determined with the Multiple Comparison Test of Nemenyi-Friedman 
(Miller, 1966) Spearman correlations (Siegel, 1956) were computed to 
compare the seasonal trends of some variables Dunng a one-year cycle, 
from October 1976 to October 1977, the following variables were compa­
red outdoor temperature in "С, outdoor relative humidity in %, outdoor 
absolute humidity m g/m (means of 4 weeks), number of pyroglyphid 
mites, number of fungi m dust (means of 3-4 replicates of 5 mattresses) 
and the number of air-borne fungi (means of 3 replicates) 
Results 
From October 1976 to October 1977 the arthropod fauna of mattress dust 
consisted mainly of Pyroglyphidae (97%) These mites were represented 
2 From one mattress (no 2) 1 obtained more dust (and fine dust) than from the others throughout 
the experiment (p < 0 01) 
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by Dermatophagoides pteronyssinus (Trouessart 1897) (58%) and Euro-
glyphus maynei (Cooreman 1950) (30%). Ten percent of the pyroglyphid 
mites were eggs or material which had been strongly damaged and could 
not be definitely determined. A minority of the arthropod fauna (3%) 
consisted of non-pyroglyphid mites as Demodex sp., Cheyletidae, Tarso-
nemida, Oribatida and Eriophyidae. 
All the active mites belonged to the species D. pteronyssinus and E. maynei. 
Larvae were the most abundant (49%), but active protonymphs (18%), 
tritonymphs (10%), females (17%) and males (6%) were also observed. 
But most of the pyroglyphid specimens were inactive (86%). 
The fungi isolated from mattress dust most frequently belonged to the 
Aspergillus restrictus group (48%). Other taxa included Pénicillium spp. 
(25%), fungi of the A. glaucus group (16%), Wallemia sebi (Fr.)v. Arx 
(3%) and A. versicolor (Vuill.) Tirab. (1%). The 195 isolates of the A. res-
trictus group which were identified to species level belonged all to A. 
penicilloides Speg. The 21 Pénicillium isolates were divided into 14 isolates 
of P. brevicompactum Diercks and 7 ones of P. chrysogenum Thorn. A. 
glaucus was mainly represented by Eurotium repens Corda (12 of 14 iso-
lates). Both E. amstelodami Mangin and E. halophilicum Christensen et al. 
were isolated once. The same taxa were present among the air-bome 
fungi. But A. restrictus (30%), Pénicillium spp. (27%) and W. sebi (21%) 
Table 1. Mean ranks of 5 mattresses (numbered 1 to 5) and their differences with 
respect to the numbers of pyroglyphid mites and fungi in dust.1 
Organism Rank per mattress number Difference between Pairwise dif-
number of ranki ference be-
i τ о л с tween ranks3 
2.08 2.89 3.81 2.65 3.58 + (3,1)+ 
3.06 2.75 4.19 2.88 2.13 + (S.S)"1" 
3.54 2.38 2.77 2.65 3.65 
3.65 2.81 3.38 3.00 2.15 
2.85 2.81 3.27 2.69 3.38 
2.42 4.58 3.15 2.12 2.75 ++ {2ΑΫ+, 
(2,l)++> (2,5)+ 
+
 0.01<p<0.05 
+ + p<0.01 
1. Computed from 13 observations within the period of October 1976 to October 1977. 
2. Friedman Test. 
3. Multiple Comparison Test of Nemenyi-Friedman. 
Inactive mites 
Active mites 
A. restrictus 
group 
A. glaucus group 
W. sebi 
Pénicillium spp. 
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occurred more frequently than A. glaucus (7%) and A. versicolor (37c). 
From October 1976 to October 1977 mattress no. 3 contained the highest 
numbers of pyroglyphid mites. During this period it was located in a sepa­
rate room. The differences between this mattress and the number 1 and 5 
were significant (Table 1). The numbers of inactive pyroglyphid mites 
encountered decreased slowly in the course of the experiment. Every 
month of 1976 yielded more inactive mites than the corresponding one of 
1977. Active pyroglyphid mites were absent in most dust samples of the 
winter period 1976/1977. After the central heating system was turned off 
in May, the indoor relative humidity rose following the seasonal changes 
outdoors. The outdoor temperature reached 14.St in June and 16.5°C 
in July and the outdoor relative humidity did not fall below 76%(Fig 3,4). 
Under these conditions the numbers of active mites increased from June to 
a maximum of 69 specimens /g dust at the end of July (Fig. 1, Table 2). 
In the winter of 1976/1977 the numbers of dust fungi were also low and 
seldom surpassed 20 diaspores /0.006 g dust (or 3.3 χ IO3 diaspores /g 
dust). In June Pénicillium spp. initiated a fungal increase and reached 
7.2 χ 103 diaspores /g dust on July 1 (Table 2). In agreement with the 
Ο N D I J F M A M Г ^ J A i"" 
1976 1977 date 
Fig. 1 Average numbers of pyroglyphid mites in dust of 5 mattresses. 
Table 2 Mean ranks of 13 sampling dates and then differences with respect to the numbers of pyroglyphid mites and fungi in dust 
Organism 
Inactive mites 
Active mites 
Rank per date Difference Pauwise difference 
between to- between ranks 
tal number of 
Oct 22 Nov 19 Dec 17 Jan 14 Febll Mai 11 Apr 8 May 6 Jun 3 Jul 1 Jul 29 Aug 26 Sep 30 ranks2 
1976 1976 1976 1977 1977 1977 1977 1977 1977 1977 1977 1977 1977 
10 0 97 86 80 84 25 26 54 56 4 2 10 8 10 1 51 ++ 
68 4 9 58 4 9 4 9 49 58 49 58 10 1 12 2 10 2 118 ++ 
A restnetus 
group 
98 63 
W sebi 
Pénicillium spp 
12 2 7 6 
80 39 
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A glaucus group 3 9 9 7 4 5 
97 
39 
41 
57 
60 
39 
52 
52 
65 
66 
36 
23 
55 
23 
40 41 38 12 0 13 0 98 
96 76 50 84 109 106 
87 
76 
54 51 52 85 86 68 39 + 
36 97 101 122 71 106 91 ++ 
(Jul 29, Mar 11)+, (Jul 
29, Apr 8)+ 
(Jul 29, Nov 19)+, (Sep 
30, Nov 19)+ 
(Jul 29, Jan 14)+, (Sep 
30,Jan 14)+ 
(Jul291Febll)+, (Sep 
30, Febll)* 
(Jul29,Maill)+, (Sep 
30, Mar 11 ) + 
(Jul 29, May 6)+, (Sep 
30, May 6)+ 
(Jul 29, Mar 11)'H", (Jul 
29, May 6)+ 
(Jul 29, Jun 3)+> (Jul 
l ,Marll)+ 
(Jul 29, Apr 8)+. (Jull, 
Jun 3)+ 
(Jul 29, Jan 14)+ 
(Jul29,Maill)+,(Aug 
26, Mar 11 )+ 
(Oct 22, Sep 30)+ 
(Jul 1, Mai ll)**, (lull, 
Dec 17)+ 
(Jul 1, Apr 8)+, (Jull, 
Jan 14)+ 
(Jull, Nov 19)+, (Aug 
26,Marll)+ 
+
 0 0 1 < р < 0 05 
+ + p < 0 0 1 
1 Computed from 5 mattresses 
2 Friedman Test 
3 Multiple Comparison Test of Nemenyi Fnedman 
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pyroglyphid mites, maximal numbers of fungi were obtained at the end of 
July. A. restrictus contributed the most to this peak (62-79%of the isola­
tes, Table 3) with a maximum of 3.8 χ IO4 diaspores /g dust (Fig. 2). It 
is noteworthy that this significant increase (Table 2) occurred within the 
summerholidays, which extended from June 17 to August 15, when the 
doors and windows of the cottage were closed. A smaller but distinct 
increase of A. glaucas was observed from July up to 4.7 χ ΙΟ-* diaspores 
/g dust in August (Fig. 2, Table 2). The numbers of W. sebi and A versico­
lor did not surpass 0.5 χ IO3 and 0.3 χ IO3 diaspores /g dust, respectively. 
Air-bome fungi were isolated more frequently during the winter (Fig. 5). 
A maximum of 83 diaspores on 3 agar plates /20 min. exposure time occur­
red in December 1976. The species composition of the air flora changed 
every month (Table 3). 
The corresponding seasonal trends of pyroglyphid mites and A. restrictus 
in mattress dust were correlated to the fluctuations of outdoor temperatu­
re and absolute humidity (Table 4). These climate fluctuations were also 
positively correlated to the number of Pénicillium diaspores but negatively 
to the number of air-borne fungi. 
The summer of 1976 was exceptionally hot and dry (Fig. 3 and 4). A 
premature decline of the pyroglyphid mite populations was observed on 
July 2 after 9 days with a mean maximum temperature of 31. I T (range 
227 
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Table 3. Species composition of the dust and air-bome fungal flora at periods of seaso­
nal increase of fungi. 
Date of 
isolation 
Dust fungi: 
Jul 2*76 
Jul 30 '76 
Jul 1 '77 
Jul 29 '77 
Air-bome fungi: 
Nov 19 '76 
Dec 17 '76 
Jan 14 '77 
Feb 1Γ77 
Маг1Г77 
Asper­
gillus 
restric-
tus 
0 
2 
62 
79 
11 
42 
22 
26 
34 
Fungi (% of total isolates)1 
A. 
glaucas 
0 
4 
13 
7 
5 
5 
22 
4 
2 
Walle-
mia 
sebi 
0 
0 
1 
2 
4 
44 
7 
2 
2 
Péni-
cillium 
«PP-
98 
73 
21 
10 
65 
2 
— 
46 
47 
Α. 
versi­
color 
— 
— 
1 
0 
7 
1 
— 
— 
2 
1. Non-sponilating mycelia are excluded. 
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Table 4. Correlation between seasonal trends of pyroglyphid mites in mattress dust, 
fungi in mattress dust, air-bome fungi and outdoor climate (Spearman Rank Correlation 
Coefficients, Tj)1. 
Active mites 
A. restrictas 
Pénicillium spp. 
Air-bome fungi 
Outdoor 
tempera-
ture 
.84++ 
.77++ 
.72+ 
-.74++ 
Outdoor 
relative 
humidity 
-.42 
-.22 
-.60+ 
-.71+ 
Outdoor 
absolute 
humidity 
.81++ 
.76++ 
.70+ 
.73+ 
Active 
mites 
.74++ 
.59+ 
-.57+ 
Asper 
gillus 
restric-
tas 
.54+ 
-.66+ 
Péni-
cillium 
spp. 
-.77++ 
+ 0.01 <p<0.05 
++p<0.01 
1. Computed from 13 observations within the period of October 1976 to October 1977. 
27.5 -ЗЗ-б^С) and a mean minimum relative humidity of 25% (range 16-31%). 
In addition, the fungi, except for Pénicillium spp., did not show a seasonal 
increase in July. Pénicillium spp., reached a maximum of 3.4 χ IO5 diaspo-
res /g dust which is 47 times higher than the maximum of 1977. In contrary 
to 1977, the cottage was in use during the summer holidays. In July 
1976 73-98% of the fungal isolates belonged to Pénicillium (Table 3). Most 
of the Pénicillium isolates originated from the mattresses no. 2 and 3 which 
were located in the same room until September 1976. From September 
1976 mattress no. 2 was located in a separate room and continuously yiel-
ded most Pénicillium. The differences with mattresses no. 1, 4 and 5 were 
significant (Table 1). No such difference was observed for A. restrictus, 
A. glaucus or W. sebi. 
Discussion 
Numerous dust particles (skin scales, textile fibers, pollen, fungal and al-
gal diasporen, food crumbs etc.) accumulate on floors and furniture of our 
houses and offer a rich diet to saprophytic organisms. Mattresses, uphol-
stered chairs, floor crevices etc. provide plenty of hiding-places and are well-
suited as a habitat for small arthropods. However the prevailing humidities 
are low and limiting for arthropod development, especially in central heated 
rooms (Bronswijk, 1973; Dusbábek, 1975). Pyroglyphid mites are well-
adapted to live under dry conditions and can colonize house dust in summer-
time. However in the tropics, the cool (and wet) season is more favourable 
for mite development (Sharp and Haramoto, 1970; Dar, 1976). 
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The development of pyroglyphid mite populations may be retarded by 
saprophytic house-inhabiting species. Sharp and Haramoto (1970) reported 
a possible competition between pyroglyphid mites and Tyrophagus put-
rescentiae, Glycyphagus domesticus and Suidasia medanensis in floor dust. 
The incidence of Cheyletidae in our dust samples was low and did not 
suggest that these predator mites effectively controlled the pyroglyphid 
mite populations. The hair-follicle mite. Demodex sp., which can obvious­
ly penetrate into beds, was also found. Demodex can be a major part of the 
mattress-dust fauna (Lustgraaf and Jorde, 1977). It is not known whether 
Demodex can develop in house dust and reinfect humans and pets. 
The abundance of hydro- and mesophilic fungi in house dust seems not to 
be affected by seasonal changes (Voorhorst et al., 1969). Xerophilic fungi 
are probably the most essential organisms regarding the survival of pyro­
glyphid mites in house dust. These fungi, especially A. penicilloides, 
showed a seasonal maximum in July, eventhough the cottage was closed 
and penetration from the outside was negligible. Conidia of A. penicilloi­
des, E. repens and W. sebi may germinate and form a mycelium on human 
dander in the indoor summer climate (Lustgraaf et al., 1978). Xerophilic 
fungi may, in fact, be able to develop in the modem dry houses of a tempe­
rate climate by colonizing house dust. The ratio of pyroglyphid mites/ 
A. penicilloides at the corresponding seasonal peak, i.e. 1/500, agrees with 
the ratio found in a laboratory experiment, which demonstrated the be­
neficial effect of fungal growth to the mites in mattress dust. Probably the 
beneficial effect includes a predigesting of human dander fats by the fungi 
(Lustgraaf, 1978). It can be concluded, that xerophilic fungi can be 
synergistic to the pyroglyphid mites in house dust. 
The concentration at which A. penicilloides was harmful to D. pteronys-
sinus (Lustgraaf, 1978) was approximately 4.5 χ IO3 times as high as 
the concentration in which this fungus was isolated from mattress dust. 
It is unlikely that fungi in modem houses of Western Europe can reach 
numbers high enough to be antagonistic to pyroglyphid mites. 
The numbers of air-bome fungi did not reflect the seasonality of fungi in 
mattress dust. Probably the fungal spores are more easily released from the 
dry dust of central heated rooms (Burnett, 1976) and therefore were collec­
ted more frequently in wintertime. These results do not agree with those 
of Solomon (1975), who isolated 30% less diaspores of Aspergillus and 
Pénicillium from indoor air in wintertime. 
In July of both 1971 (Bronswijk, 1973) and 1977 pyroglyphid mite popu-
lations reached a maximum density in mattresses of The Netherlands. 
However during the extremely dry and hot summer of 1976 (KNMI, 1976) 
we found hardly any living mite in July, and no increase of A. restrictus 
diaspores. Domrov (1970) found that the numbers of house-dust mites 
drops after 6 hot days. Obviously a dry and hot summer is unsuitable for 
studying the normal seasonal incidence of house-dust inhabiting organisms. 
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To isolate the true dust-mhabiting fungi we used malt extract agar with 
64% sucrose. On this medium Pénicillium was the most abundant form in 
July 1976, although this fungus probably can not develop a mycelium in 
mattress environment (Lustgraaf et al., 1978). Pénicillium was most 
abundantly isolated from the 2 mattresses which were located in a room 
with many window plants. Possibly Pénicillium diaspores penetrated the 
beds from mycelia present in the humid potsoil. These fungi, orginating 
from a different niche, may have suppressed the growth of the true house-
dust inhabiting fungi on the isolation plates. To eliminate such opportu-
nistic fungi, different agar media with a low content of water could be 
used. 
As their diaspores are easily released into the indoor air, xerophihc fungi 
are better equiped to colonize fresh dust than pyroglyphid mites. This may 
explain why xerophilic fungi were isolated in equal proportions from the 
mattresses while one of the mattresses contained a denser population of 
mites than the others. 
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Ökologie der Hausstaub-Allergene H aus st a ubali e rgen (ei 
sind überall im Haimiaub vorhanden und emsiehen als Neben 
produkt der Maillard Reaktion in feuchter Umgebung Diese 
Bedingungen sind m modernen, trockenen Wohnungen nur in 
oder in der Nahe von Organismen welche im Hausstaub leben 
gegeben Das Wachstum des am besten untersuchten autoththo 
nen (d h eingesessenen) Organismus, der Hausstaubmilbe, wird 
durch im Hausstaub lebende Mikroorganismen, wie xerophile 
(die Trockenheit liebende) Pilze der Gruppen Asptrgdlusglancus 
und Л rest na us gefordert Hausstauballergene sind deshalb ein 
genuines Produkt des Hausstaub Ökosystems Haussuubmil 
ben und xerophile Pibe scheinen gleich bedeutsam fur die Degra 
dation der Bestandteile des Hausstaubes, die 7ur Entstehung 
allergisch aktiver Anteile fuhrt Organismen, welche den Haus 
staub du п. h set ¡--en, sind im allgemeinen nicht an die trockene 
Umgebung gewohnt und verlieren vor der Vermehrung ihre 
Vitalität Bakterien, vor allem BanUus mbtihi, beinhalten den 
wKhugsicn Anteil der Zellen und der Biomasse Sie stammen 
meist von Menschen und dringen mit den Hautschuppen ein 
Sporen von auiotrophen Pflanzen, meist Chlorococcum, 
sind in das Hausstaub Ökosystem mtegnen Meso und xero 
phile Pilze (Aspergillus, PemciUium; sind echte Hauspilze, wah 
rend extramurale Pilze, wie Cladosponum und Alternaría, nur 
wahrend des Sommers in den Hausstaub eindringen Α π h ropo 
den, wie Kakerlaken sind Haustiere, welche Hausstaub ver/eh 
ren und mit den bares Allergene ausstheiden 
Die spezifischen Antigene aller im Hausstaub lebenden 
oder von außen eindringenden Organismen tragen zu der Ge 
samtheit der allergenen Potenz des Hausstaubes bei 
Ecology of house-dust allergens House dust allergen(s) 
are generally present in house dust originate in a humid environ 
ment as a degradation product of Maillard reactions In modern 
dry houses these humid conditions are only found close to or in 
the organisms which inhabit house dust Such organisms are able 
to bind atmospheric water The growth of the most frequently 
studied autochthone organisms, the house dust mites (Acanda 
P\ roglyphidae), is improved by autochthone microorganisms as 
xerophilic fungi of the Aspergillus glaucus and A re strict us 
groups House dust allergen(s) are therefore a genuine product of 
the house dust ecosystem Both house dust mites and xerophilic 
fungi seem equally important in the degradation of the compo 
nents of house dust leading to allergenic active compounds Or 
' Mtt Unterstützung des -Nederlands Astma Fonds-, Pro 
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ganisms penetrating house dust are generally not adapted to a dry 
habitat and subsequently loose their vitality before reproducing 
Bacteria especially Bacillus subtdis constitute the most impor 
tant part of the organisms and of the biomass They are mostly 
derived from man and invade via the skin scales Diaspores of 
autotrophic plants mostly Chlorococcum are included in the 
house dust ecosystem Meso and xerophilic fungi (Aspergillus, 
Pénicillium) are true house fungi, whereas field fungi as Clado-
sponum and Alternaría move inside onlv during the summer 
Arthropods such as cockroaches are domestic animals which 
consume house dust and produce faeces containing allergen(s) 
The specific antigens of all autochthones and allochthones contri 
bute to the allergenic property of house dust 
Einleitung 
Makroskopisch ist Hausstaub ein Pulver von 
wechselndem, grauem Aussehen Bei nahcrem Hin-
schauen erweist er sich als ein Komplex von Parti-
keln, die im Hause sedimentiert sind Die Zusam-
mensetzung ist ein Spiegel der Zivilisation der Haus-
bewohner, modifiziert durch die geographische 
I age des Gebäudes Hautschuppen des Menschen 
kommen im Hausstaub regelmäßig vor Zu den Par-
tikeln im Hausstaub gehören die lebensfähigen Dia-
sporen von Pflanzen und Arthropoden Meistens 
überleben diese Organismen jedoch wegen der gro-
ßen Trockenheit des Hausstaubs nicht lange Ver-
schiedene dieser allochthonen (d h von anderer 
Stelle kommenden) Organismen erwiesen sich als 
Trager spezifischer Allergene 
Einige wenige Organismen sind stark an das 
trockene Hausstaubmilieu angepaßt, sie leben vor-
nehmlich von Hautschuppen Zu den zuerst ent-
deckten autochthonen (d h eingesessenen) Organis-
men des Hausstaubs gehören die Hausstaub-Milben 
(Acanda Pyroglyphidae) [82] Desgleichen gehören 
die kürzlich entdeckten xerophilen (d h Trocken-
heit bevorzugenden) Schimmel-Pilze zu den au-
tochthonen Bewohnern des Hausstaub-Okosystems 
[33. 36] 
Seit 1921 wird vermutet, daß Hausstaub ein uni-
verselles Allergen produziert [27], es zeigte sich, daß 
das Hausstaub-Allergen das Produkt eines Degrada-
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tionsprí^esses' vom Maillard Typ2 ist [5] Eine es 
sentielle Vorbedingung fur den Ablauf von Maillard 
Reaktionen ist die Anwesenheit von 5-20% Wasser 
In dem pulveramgen Hausstaub wird ein solcher 
Wassergehalt nur in oder in der Nahe der autochtho-
nen Organismen gefunden, die in der Lage sind, 
Wasser aus der Luft 7u binden Die Bedeutung der 
autochthonen Organismen fur die Hausstaub-Aller 
gie geht aus der großen An7ahl der einschlagigen 
Publikationen über Hausstaub Milben hervor [82] 
In unserem Ubersichtsbencht wird die Bedeu-
tung der allochthonen und autochthonen Haus-
staub Organismen im Ökosystem Hausstaub be-
sprochen und ihre Bedeutung als Produ7enten von 
Allergen(en) diskutiert 
Allochthone (d.h. von anderer Stelle kommende) 
Organismen 
Bakterien 
Bakterien kommen im Hausstaub in größerer 
Menge vor als Pilze oder Arthropoden (Tab 1) 
Unbenutzter Mobelbc7ug ist weniger kontaminiert 
als Hausstaub (Tab 2) Als Vehikel fur den Trans-
port der Bakterien fungieren häufig Hautschuppen 
So konnten durch Davies und Noble [18] von allen 
80 untersuchten Hautschuppen Bakterien isoliert 
werden Je mehr Personen in einem Zimmer anwe-
send sind, um so mehr Bakterien enthalt die Zim-
merluft [23] Die menschliche Haut wird fortwah-
rend von einer Bakterienflora bevölkert, die in ihrer 
Dichte (350000-1 000000 per cm2) und Artenzusam 
mensetzung von Faktoren, wie Körperteil, Lebens 
alter und Tätigkeit abhangig ist [39] Grampositive 
Kokken (wie Staphylococcus epidermalis, und in ge-
ringerem Umfang S aureus) gehören 7ur autochtho 
nen Hautflora Auf der Haut von Kindern findet 
man häufig Baciilus-Arten 
Die Bakterien können auch durch Insekten in 
den Hausstaub übertragen werden So sind vor allem 
Kakerlaken meist mit Bacillus, Staphylococcus und 
Salmonellen assoziiert [52] 
Die Baktenenflora des Hausstaubs wurde bis-
her vor allem hinsichtlich der pathogenen Arten wie 
Tuberkelbazillen, pathogenen Staphylokokken, ha 
mol> tischen Streptokokken untersucht Über die in 
viel größerem Umfang dann vorkommenden nicht-
pathogenen, saprophytischen Arten ist wenig be-
Tab I Großie Anrahl der im Hausstaub lebend gefundenen 
allochthonen und auioththonen Organismen und deren Bio 
masse' 
1
 Degradation = chemische Umwandlungspro/esse, bei 
denen hohermolekulare Substanzgruppen beteiligt sind 
1
 Maillard Reaktion = Reaktion zwischen den basischen 
Ammogruppen der Lysin Seitenketten eines Fiweißmolekuls 
und niedermolekularen Zuckern 
A n 
Al lochthon 
( = von anderer 
Stelle 
kommend) 
Bakterien 
Algen 
meso und 
hydrophi le 
Pibe 
Лиго(.ЬіЬоп 
( = eingesessen) 
xerophile 
( = die Trocken 
heu liebende) 
P.l/e 
Hausstaub 
Mi lben 
Anzahl 
isolierte 
(pro g) 
7 , 3 x 1 0 ' 
8,4X10' 
3,2X10* 
1,9X10* 
1 , 2 x l 0 2 
Biomasse 
i n 
g/g Staub 
5 . 7 X 1 0 " 
3 , 3 X 1 0 * 
1,6X10* 
9 , 5 x l 0 5 
3 , 2 X 1 0 * 
A u t o r 
Schubert [61] 
I u«graaf et al 
Swaebly u 
Christensen 
[71] 
Lusrgraaf 
(unveroifentl ) 
Lusigraaf 
(unveroffentl ) 
'Berechnetaus π г' Χ d Χ N Darin bedeuten d spe? Gewicht 
m g/cm' г Radius m cm, N Anzahl der 7ellen pro Gramm 
Staub Das spe? Gewicht aller Arten wurde mit 1,5 g cm1 an 
genommen Der Radius der Bakterien wurde mit 0,5 μπι an 
genommen, der Durchmesser der Algen mit 4 μτη, der Pilze 
mit 2 μτη [47] Das Gewicht einer Hausstaub Milbe wurde mit 
2,7 χ 10"* g angenommen[45j 
Tab 2 Zahl der Bakterien und der meso und hydrophilen Pibe 
im Be?ug unbenutzter Möbel und im Haussraub [71] 
Material 
Baumwolle 
Kapok 
Si.haumgummi 
Hausslaub 
Pil/e 
1,1X10' 
4,0X10' 
1,0X10' 
1,7x10' 
Bakterien 
'S 
I^XIO1 
2,2X10* 
6,0X10 
1,1X10' 
Mit te l von 76 Proben 
Mi t te l von 14 Proben 
kannt So kommt aber ζ В В suhtiJis sehr häufig vor 
[63], dazu tragt sicherlich bei, dai? die Sporen von В 
suhtilts mindestens 23 Monate in der Zimmer-Atmo­
sphäre überleben [53] 
Bakterien sind die wichtigste Ursache fur das 
Verderben von Lebensmitteln [25], Voraussetzung 
dafür ist, daß das Substrat eine Wasseraktivitat (av) 
von mindestens 0,91 hat (Em Substrat mit aw = 0,91 
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steht im Gleichgewicht mit 91% rel. Luftfeuchtig-
keit (r. L) ; а
щ
 ist also = r.L/100) Fur В subtdts 
liegt die Untergrenze für das Wachstum bei aw = 
0,95, fur S aureus bei aw = 0,86. Trockene Lebens-
mittel werden daher nicht von Bakterien befallen. 
Da der a^-Wert von getrockneten Lebensmit-
teln m etwa übereinstimmt mit dem des Hausstaubes 
in modernen Wohnhausem, ist es unwahrscheinlich, 
daß sich Bakterien Ín dem trockenen Milieu des 
Hausstaubes aktiv vermehren Sie können also in 
solchen Hausern keinen Beitrag zur Produktion von 
Hausstaub-Allergenen liefern. In feuchten Hausem 
von 90% und mehr rel Feuchte sind sie jedoch in der 
Lage, gemeinsam mu meso- und hydrophilen Pilzen 
den Hausstaub zu kolonisieren. 
Protozoen 
Protozoen wurden aus der Atmosphäre isoliert 
[59]; sie kommen auch im Matratzen-Staub vor (ei-
gene, unveroffentl. Beobachtung). Die Zysten blei-
ben im Hausstaub infolge der Trockenheit lebend 
und in Ruhe. Auf feuchten Agarplatten mit Mineral-
medium, wie es zur Isolation von autotrophen Orga-
nismen im Hausstaub benutzt wird, wurden wieder-
holt amöboide Stadien von Protozoen gefunden. 
Autotropbe Organismen 
Aus einer Übersicht älterer Untersuchungen er-
gibt sich, daß aus der Atmosphäre 152 lebende Al-
gen-Arten isolien werden konnten [59]. In Luft-
Proben konnten in den Niederlanden weiterhin eine 
¥ътт\-(РоІу stich um filix-mas) und eine Moos-Spezies 
(Funana hygrometnea) isoliert werden [74]. Die 
Zahl der Algen-Keime kann bis zu 3000 pro m3 
ansteigen [12]. Pollenkòmer, vor allem der Familie 
der Poaceae (Gramineae = Gräser) wurden in der 
Luft in etwa gleicher Anzahl gefunden, wie Diaspo-
ren von Algen [12]. Alle genannten autotrophen Or-
ganismen sind in der Lage, aus der Luft in den Haus-
staub zu infiltrieren. Durch direkte Beobachtungen 
konnten im Hausstaub Algen, Moos- und Farn-Spo-
ren sowie Pollen nachgewiesen werden [6]. Algen 
konnten in großen Mengen isoliert werden: 1,8-1,3 
x 102 pro Gramm Hausstaub [6]; 2,2 x 102 bis 8,4 x 
103 pro Gramm Matratzenstaub [37]. Am häufigsten 
kommen sowohl in der Luft, als auch im Hausstaub 
Chlorococcum und Chlorella (Chlorococcales) vor. 
Aus Matratzenstaub konnten 2 Farne der Gattung 
Dennstaedtia kultiviert werden [37]. Das Besiedeln 
von Hausstaub erfolgte in diesen Fallen stets von den 
Zimmerpflanzen aus. In den Sommermonaten ent-
halt der Matratzenstaub eines bewohnten Hauses die 
meisten Algenzellen. Bei fehlender Bewohnung 
wahrend der Sommerferien sinkt die Zahl der Algen 
drastisch [37]. Die meisten autotrophen Organismen 
bleiben im Hausstaub einige Zeit in ruhendem Zu-
stand am Leben. Manche Algen (Ghlorophyta, 
Chrysophyta) sind bei Dunkelheit ¡n der Lage auf 
eine organische Kohlenstoff-Quelle umzuschalten. 
Das heterotrophe Wachstum von Bracteacoccus 
(Chlorococcales) wird dabei durch Bakterien stimu-
liert [46]. In feuchten Hausern (90-100% rel. 
Feuchte) durften Algen sehr wohl wachsen, jedoch 
in geringerer Anzahl als die heterotrophen Bakterien 
und die mesophilen und hydrophilen Pilze. Einen 
Beitrag zur Produktion des Hausstaub-Allergens 
durften die autotrophen Organismen kaum liefern. 
Mesophtle und hydrophile Schtmmel-Pdze 
Eine Inventur der Literatur zeigte 161 isolierte 
Arten im Hausstaub [8, 17, 29, 33, 36, 38,65,81,83]. 
Die meisten Arten verbleiben im Ruhezustand, bis 
die Sporen ihre Keimkraft verloren haben. Die Ar-
ten, die zu den meso- und hydrophilen Pilzen ge-
rechnet werden, keimen bei 80% rel. Feuchte oder 
hoher [64]. Dies sind jedoch Feuchtigkeitsgrade, die 
in modernen, trockenen Wohnhausern selten vor-
kommen. Da die Hausstaub-Mykologen meistens 
Agar-Medien mit aw 0,94 bis 1,0 (d.h. im Gleichge-
wicht mit 94-100% rel. Feuchte) benutzen, isolieren 
sie meist nur die feuchtigkeitshebenden Anen [33]. 
Trotz der Tatsache, daß Hausstaub ein ungeeignetes 
Milieu fur meso- und hydrophile Pilze ist, sind diese 
wegen der Verwendung »nasser« Agar-Medien zur 
Analyse am besten bekannt. Die höchste Zahl leben-
der Pilzsporen mit 3,2 Millionen pro Gramm Haus-
staub fanden Swaebly u. Christensen [71];das istder 
65. Teil der Zahl der isolierten Bakterien (Tab. 2). v. 
d. Lustgraaf [33] fand 4,5mal mehr meso- und hy-
drophile als xerophile Pilze. Wahrend des Sommers 
penetrieren viele Pilze, die auf Pflanzen und im Bo-
den vorkommen, die Wohnhäuser. Cladosponum, 
Alternaría Epicoccum, Fusarium und Geotnehum 
machten 68% der Gesamtzahl der isolierten Sporen 
pro m3 Luft im Innern eines Hauses im Sommer aus, 
wahrend sie im Winter praktisch fehlten [70] Wah-
rend der winterlichen Frostperiode bestand die Luft-
flora zu 33% aus Aspergillus und Pemalltum, die im 
Sommer nur 21% ausmachten. Im Sommer wurden 
hingegen 2,5mal mehr Pilzsporen isoliert als im Win-
ter. Im Juli 1976 erreichte PemaUium ein saisonbe-
dingtes Maximum im Matratzen-Staub (3,4 X 10s 
Diasporen/g Staub). Ρ hrevicompactumund P. chry-
83 
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sogenum wurden am häufigsten isoliert Aus diesen 
Beobachtungen und den Frgebmssen von anderen 
Autoren f 17, 38] kann man ableiten, daß Aspergillus 
und Pemctttmm normale Hausbewohner sind Sie 
wachsen auf Lebensmitteln, feuchtem Leder, Papier, 
Baumwolle und Wolle [67] Gelegentlich kommen 
auf diesen Mate-ialen auch Aureobastäum pullulans, 
Cbaetomium, Tnchoäerma [32, 67], und vermutlich 
Geotnchum, Rboäotorula und Rbizopus vor 
Feuchte Hauser haben mehr Schimmel-Be-
wuchs als trockene [79] Sobald die Luftfeuchtigkeit 
auf 85-95% steigt, können viele im Hausstaub latent 
vorhandene mesophile Pilze auswachsen Welche 
Arten schließlich den Staub kolonisieren, hangt von 
der Sporendichte beim Beginn des Bewuchses, und 
dem Vermogen der Sporen, die Haus*.tauD Kompo 
nente abzubrechen, ab In den meisten Fallen treten 
als Kolonisten die Vertreter der Gattungen Aspergil-
lus und Pénicillium m den Vordergrund 
Arthropoden 
Obgleich die Hausstaub Milben die einzigen 
Arthropoden sind, die ihren Lebenszyklus im Haus 
staub moderner, trockener Hauser vollenden kon 
nenT kommen auch andere Arten vor Diese halten 
sich nur kurzyemg im Hausstaub auf, entweder um 
diesen als Nahrung zu benutzen oder um dann Zu 
flucht zu suchen 
Asseln trifft man regelmäßig im Hausstaub 
feuchter Hauser an Kakerlaken, Silberfischchen, 
Ameisen, Floh Larven, Staub lause und Pseudo 
Skorpione [78] halten sich zeitweise, meistens 
nachts, in Fußbodenritzen und Mauerspalten, an ru 
higen Stellen hinter Tapeten und in Mobein verbor 
gen Sie machen von Zeit zu Zeit Ausfluge zu den 
organischen Resten, um daraus Futter zu selektieren 
Vorrats Milben [24] besetzen die gleichen Nischen, 
aber sie sind so klein, daß sie sich nicht in Verstecke 
zurückziehen mussen Ausgewachsene Flohe, Bett-
wanzen, parasitische Milben und Zecken stationie-
ren sich im Hausstaub, um in gunstiger Position fur 
eme Blutmahlzeit auf Hunden, Katzen und Men 
sehen zu sein Die im Hausstaub lebenden Arthro 
poden dienen Spinnen, Tausendfüßlern und Raub-
Milben als Beute 
In schlecht gereinigten und instandgehaltenen 
Hausern können sich die Haus Arthropoden zu an-
sehnlicher Anzahl vermehren Welche Arten sich 
entwickeln, hangt von der Luftfeuchtigkeit, der Zu 
sammensetzung des Staubes und der Verfügbarkeit 
von Zufluchtsorten ab Die Reste von Arthropoden, 
und namentlich deren Fäkalien, können in diesen 
Fallen einen wichtigen Teil des Hausstaubes und 
seiner allergenen Komponenten ausmachen 
Autochthone (d.h. eingesessene) Organismen 
Xerophde Schtmmel-Pilze 
Die Habítate der xerophilen Pilze haben norma-
lerweise eine Wasseraktivitat (a^) von 0,7 bis 0,8 
[64] Häufig werden auf verschiedenen Substraten 
mit gleicher physiologischer Trockenheit die glei-
chen Taxa angetroffen Trockene Substrate in der 
Umgebung des Menschen sind vor allem Getreide-
Vorrate, Lebensmittel mit hohem Zucker , Salz-
oder Fett Gehalt, Trockenobst, Rauchfleisch, Le-
der, nicht abgelagertes Holz, Linsen von optischen 
Instrumenten [ 15, 22, 49, 50,62] Die meisten Isolate 
gehorten zu den Aspergillus glaueus- und A restrtc-
/«5-Gruppen 
Xerophile Pilze kann man nur auf Agar Medien 
mit niedriger Wasseraktivitat (ζ В durch Zugabe 
von Zucker, Kochsalz oder Glyzerin) isolieren 
Hausstaub enthalt eine große Anzahl meso und 
hydrophiler Pilze (Tab 1), die auf den gangbaren 
Medien die xerophilen Arten überwuchern Auf 
Malz-Fxtrakt Agar (MEA) mit 64% Zucker (aw = 
0,82) konnten mehr xerophile Pilze aus dem Haus-
staub isoliert werden, als auf MFA mit 8% NaCl 
oder 40% Zucker[33] Auf MEA mit 64% Saccharo-
se erwiesen sich alle 43 untersuchten Staubproben als 
bewohnt von A gUucus und A restnetus Die Pro-
ben stammten aus Deutschland, den Niederlanden 
und dem Hochsee-Schiff »Balong« [33, 36] A pem-
allotdes und Furotium repens kamen allgemein vor, 
Wallerma seht wurde in 90% der Proben angetrof-
fen E amstelodamt, E rubrum, E halopbilicum, A 
restnetus und A gracilis wurden ebenfalls angetrof-
fen A pemallotdes und E amstelodamt werden in 
Zusammenhang mit Aspergillose gebracht [20, 50] 
A pemallotdes ist möglicherweise eine Allergen-
quclle in beschlafenem Kapok [56] Außerdem soll 
A pemallotdes beim Auftreten der Lobo'schen 
Krankheit eine Rolle spielen [19] £ repens kommt 
allgemein auf Lebensmittel-Vorraten vor[69] und ist 
auch bekannt als pathogen fur Insekten [13] Walle-
mta seht wurde von Pflaumen und mit Zucker kon-
servierten Produkten isoliert [49, 67] £ balophilt-
cum wurde zweimal aus Hausstaub isoliert [56] und 
gehort zu den am stärksten xerophilen Pilzen (Mini-
mum des a^ fur das Wachstum 0,68) Diese Art 
wurde verschiedentlich aus Vorrat-Getreide, Boh-
nen und von Hirse Samen isoliert [15] £ balopbtlt-
cum wurde vermutlich darum so selten gefunden, 
weil er auf den üblichen Medien nur langsam wachst 
Fs ist daher anzunehmen, daß die Bedeutung dieses 
Pilzes im Hausstaub unterschätzt wird 
Saison Periodizität wurde von uns in den Jah-
ren 1976/77 im Staub von 5 bcschlafenen Schaum-
stoff-Matratzen beobachtet Der untersuchte Schlaf-
84 
Ökologie der Hausstaub Allergene 65 
¿алje des Myceliums Іцт)-
ОО 
700 
600 
500 
¿.00 
300 
200 
100 
0 
• — • Eurotium repens im Schlafraum 
Eurolium repens in der Matratze 
Aspergillus penicilloides im Schlafraum 
Aspergillus penicilloides in der Matratze 
Wallemia sebi im Schlafraum 
Wallemia sebi in der Matratze 
l -»-8 
Abb І Keimung der K o m 
dien und My /elwathstum 
der xerophilen Schimmelpil 
7e im H a u s s u u b m i l i t u Sub 
sent Hautschuppen he 
impft mit P i l z in am 2S 4 
]977 Inkubat ion in der Sei 
tenwand einer b e s t h l a k n t n 
Matratze und oben auf ei 
nem St.hlaf7imm«.rs<.hrank 
Fs 4ind jeweils d u M i t t i l 
werte v o n / i h n B i o b a i h i u n 
Apr Mai Juni Juli Aug Sept Okt Nov 1977 gm wiedergegeben 
saai war Teil eines Kinderheimes, das vom 17 6 bis 
15 8 1977 geschlossen war Das Saison Minimum 
mit 833 Zellen je Gramm Matratzen Staub wurde fur 
A gianeus und A restnetus Anfang Juni 1977 beob 
achtet, wahrend das Maximum mit 4,1 x 10* Zel 
len/g Matrat7enstaub am 29 Juli 1977 erreicht 
wurde 92% dieser bolate gehorten zu A restrtetus 
und 8% zu A glaueus Es ist anzunehmen, daß die 
starke Zunahme der Zellen in der Schließungspeno 
de die Folge ungestörten Pil/wachitums in den Ma-
tratzen war und nicht von außen beeinflußt wurde 
[35] 
Eine Analyse von nicht regelmäßig mittels 
Staubsauger gereinigten Matratzen im Sommer 1977 
ergab einen noch wesentlich höheren Titer fur xero 
phile Pilze, das Maximum betrug 1,9 x 106 Zellen je 
Gramm Bettenstaub (Tab 1) Regelmäßiges Staub-
saugen der Matratzen scheint also einen negativen 
Einfluß auf die Zahl der xerophilen Pilze im Matrat-
zenstaub zu haben Im Labor wurde nach 6-9 Wo-
chen Inkubation bei 250C und 75% rel Feuchte auf 
Schuppen Keimung und Hyphenwachstum von £ 
repens und A pemallotdes mit Sporenbildung kon-
statiert (Abb 3) Keimung von W seht wurde nach 
16 Wochen wahrgenommen Im Schlafzimmer trat 
mehr Pilz-Wachstum auf, als in der Matratze (Abb 
1) E repens erreichte eine Hyphenlange von 
800 μπι W sebi bildete Sporen unmittelbar nach 
Keimung 
Zusammenfassend kann gesagt werden, daß xe 
rophile Pilze aus vielen Habitats mit einem a ,^ zwi-
schen 0,7 und 0,8 in den Hausstaub eindringen Fin 
vollständiger Zyklus wurde lediglich bei W sebibe 
obachtet, besieht aber möglicherweise bei gunstigem 
Substrat auch bei E repens und A penicilloides 
Durch die Fähigkeit atmosphärisches Wasser zu bin-
den, sind xerophile Pilze möglicherweise in der Lage 
die Bildung von Hausstaub-Allergcn in Gang /u 
setzen 
H ausstaub-M tlben 
Seit 1964 sind die Hausstaub Milben (Acanda 
Pyroglyphidae) als Hausstaub-Bewohner bekannt 
Nachdem es sich erwiesen hatte, daß diese Organis 
men zu assoziieren sind mit der Bildung des Haus 
staub-AUergens, wurden Untersuchungen nach dem 
Nahrungsbedarf, den optimalen Temperatur- und 
Feuchtigkeits-Bedingungen, sowie dem Pradator 
Beute Verhältnis dieser Tiere durchgeführt Es er 
schienen Übersichten und eine Bibliographie 7urSa-
Pradator = Beutetier 
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Abb 2 Bereich der relati 
ven Luftfeuchiigkeii, in dem 
einige Hausstaub Milben, 
meso und xerophile Seh im 
melpilze leben können Die 
mittlere relative Feuchte im 
Juni, Juli und August ist fur 
die Periode 1931-1960 be 
rechnet [15, 43, 77, 82] 
che [10, 31, 75, 82] КиЫісЬ erhoben sich jedoch 
Zweifel, ob Fäzes der Hausstaub Milben die allei-
nige Quelle fur Hausstaub-Allergen sind [5] Wei-
terhin wurden die xerophilen Sthimmel-Pilzc als au-
tochthone Hausstaub-Bewohner entdeckt [36] 
Eine zusammenfassende Betrachtung über die 
Bedeutung der Hausstaub-Milben findet man bei ν 
Bronswijk (m diesem Heft) 
Das Ökosystem Hausstaub 
Der Hausstaub ist ein durch den Menschen er-
zeugtes heterotrophes Ökosystem mit einem Über-
fluß an organischem Material m Form von Haut-
schuppen Dieses Ökosystem ist besonders gut in 
den Matratzen von Schtafraumen entwickelt [9], hier 
leben und vermehren sich wahrend der Sommermo-
nate die Hausstaub-Milben und breiten sich in dem 
Fußbodenstaub aus Obgleich offensichtlich die Be-
dingungen m der Matratze fur Hausstaub-Milben 
gunstig sind, ist bisher wenig über den Einfluß des 
Beschlafens auf das Mikroklima in Bett und Matrat-
ze bekannt 
Matratzenkhma 
Aus unseren Messungen im September 1977 er-
gaben sich fur die Änderungen im Innenklima der 
Matratze durch Beschlafen folgende allgemeine Fr-
gebnisse (Abb. 7) Durch Beschlafen nimmt die 
Temperatur auf der bcschlafenen Flache unter dem 
Schlafer im Mittel um 15,1 0 С zu, wahrend gleichzei­
tig die relative Luftfeuchtigkeit um ca 10% ab­
nimmt In 20 cm Abstand steigt die Temperatur nur 
um 5,9eC, wahrend die relative Feuchte nur um 2% 
sinkt Die absolute Luftfeuchtigkeit nimmt unter 
dem Schlafer um 10,4 g/m1 zu, in weiterer Entfer­
nung vom Schlafer um 3,6 g/m' Die Taupunkttem­
peratur steigt auf 22,8 bzw 16,60C 
Die Temperaturzunahme in der Umgebung des 
Schlafers ist an sich gunstig fur die Aktivität der 
Milben und die Pilz-Entwicklung Dauerregistrie-
rungen ergaben aber auf der beschlafenen Flache 
starke Kleinklima-Schwankungen, so daß das Mi-
kroklima vermutlich ungunstiger fur das Wachstum 
von Organismen ist Der hohe Feuchtigkeitsgehalt 
und die hohe Taupunkttemperatur der erwärmten 
Luft Ín der Umgebung des Schlafers laßt die Vermu-
tung zu, daß bei absinkenden Temperaturen in der 
Bcttperiphenc die relative Feuchte steigt Damit in 
Übereinstimmung steht die Beobachtung von Koek-
koek und ν Bronswijk [28], daß die relative Feuchte 
im Kopfkissen wahrend des Beschlafens um 5-8% 
steigt Diese Steigerung durfte einen gunstigen Fin-
fluß auf das Wachstum der Schimmelpilze und der 
Milben in dem an sich trockenen Ökosystem des 
Hausstaubes haben. 
Der Bereich der relativen Feuchte, in dem die 
Hausstaub-Milben wachsen können, ist zu den nied-
rigeren Werten verschoben, verglichen mit dem Be-
reich der xerophilen Pilze (Abb 2) Beide Bereiche 
überlappen sich jedoch bei 70-80%. Dies gilt vor 
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Abb. 3 Konidiophoren und Hyphen von Eurotium repens auf einer Hautschuppe, 10 Wochen nach 
Inkubation bei 75%relativei Luftfeuchtigkeit und 25 С (Vergrösserung 710X, rasterelektronenmikro-
skopische Aufnahme). 
Abb. 4 Konidien von Aspergillus penicilloides im Mittel- und Enddann einer Nymphe von 
Dermatophagoides pteronyssinus in einer kontaminierten Kultur (Vergrösserung 260X) 
Abb. 5 Auswachsen von A. penicilloides aus einer lebende Hausstraubmilbe, die aus Matratzenstaub 
isoliert und auf Malzextrakt-Agar mit 64% Saccharose abgeimpft wurde. 
Aufnahme 21 Tage nach Beginn der Inkubation bei 25 С (Vergrösserung 6X). 
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allem fur die in Westeuropa hauptsächlich vorkom 
mende Hausstaub-Milbc D pteronysstnus einerseits, 
und Aspergillus glaucus, A restnctus und W sebi 
anderseits Die mittlere relative Feuchte liegt wah 
rend des Sommers in diesem Bereich, wahrend 
gleichzeitig die Temperatur am höchsten 
(15,5-17>0oC) ist Das Klima ist also wahrend der 
Sommermonate am gunstigsten fur die Entwicklung 
der Hausstaub-Milben und -РіІ7е In einem trocke 
nen Sommer, wie im Jahr 1976, nahm daher auch die 
Zahl der A restnctns-'l'eilen nur mit dem Faktor 3,5 
zu, wahrend die größere Toleranz fur Trockenheit 
die Milben in die Lage versetzte, mit den Faktor 7,5 
zuzunehmen (v d Lustgraaf, unveroffentl ) 
Wechselwirkungen zwischen Milben und Pilzen 
Unter experimentellen Bedingungen zeigte sich, 
daß alte Kulturen von D pteronysstnus starker von 
A pemcilloides kolonisiert sind als junge [34] Stark 
wachsende Pil? Kulturen auf einem reichen Substrat 
(Weizen Flocken) sind bei 75-80% Luftfeuchtigkeit 
in der Lage, das Wachstum einer Population von D 
pteronysstnus zu unterdrucken Die Hausstaub Mil 
ben nehmen dann in großem Maße Sporen auf (Abb 
4) Die modernen, trockenen Wohnhauser sind je-
doch weniger gunstig fur xerophile Pilze Es wird 
daher auch kein Antagonismus zu den Hausstaub-
Milben stattfinden In Laboratoriumsexperimenten 
zeigte sich, daß die Pilze auf einem Hautschuppen-
Substrat nur langsam wachsen, damit aber das 
Wachstum der Hausstaub Milben fordern (Tab 3) 
In Versuchen mit Matratzenstaub und m naturlicher 
Umgebung waren Milben und Pilze stets in etwa 
dem gleichen Verhältnis vorhanden, namheh 1 500 
Die Milben sind teilweise (10,4%) mit A pemcilloi-
des kontaminiert (Abb 5) Das bedeutet, daß in der 
Umgebung der Milben in Matratzen xerophile Pilze 
in einer Menge vorkommen, die auf die Entwicklung 
der Hausstaub-Milben fordernd einwirkt 
Milben auf Hautschuppen, die mit Pilzen be-
wachsen sind, ernähren sich mit der halbflussigen 
Masse, die um die wachsenden Hyphen herum ent-
steht [v d Lustgraaf, unveroffentl ] Die Hyphen 
selbst werden von den Milben nicht angetastet Die 
Pilze scheiden Exoenzyme zum Substrataufschluß 
aus Offensichtlich benutzen die Milben diese Akti-
vität, um sich von vorverdauten Hautschuppen zu 
ernähren Fs ist bekannt, daß Pilze der A glaucus-
und A restrictus-Gruppe in der Lage sind, die Fette 
der Getreidekorner abzubauen [58] Da die frischen 
Hautschuppen aber einen zu hohen Fett-Gehalt ha-
ben, um direkt von den Milben aufgenommen zu 
Pil? A n 
Furotium 
Amstelodami 
Furotium 
repens 
Aspergillus 
pemcilloides 
Aspergillus 
pemcilloides 
Aspergillus 
pemcilloides 
Aspergillus 
pemcilloides 
Aspergillus 
pemcilloides 
Substrat 
Schuppen ent 
fettet, und 
Hefepuder 1 
Schuppen , 
und Hefepuder 2 
Schuppen 
und HefepudeH 
Schuppen 
und H e f e p u d e r 
Matra t7ens taub > 
Matra tzens taub 4 
M a t r a t z e n s t a u b ' 
Zahl der 
Milben 
7um Zeit 
p u n k t 
i - C 
5 9 + Ь 6 
25 
25 
25 
20 
20 
20 
Verhältnis 
Anzahl Milben 
АП72 
Subsi 
o h n e 
Ь,Ь 
3,2 
3,2 
0,7 
I / 
0,7 
1,7 
ihl Milben 
Tat 
Pilze 
nach I n k u b a t i o n 
bei t = 0 
Substrat 
m a Pilzen 
35,3 
8,2 
5.9 
3.4 
6.9 
5 Я 
7,3 
1
 2-3 W o c h e n V o r i n k u b a t i o n mit Schimmel Pilzen bei 2 5 0 C , 7 5 - 1 0 0 % relative Feucht igkei t 
1
 6 Wtichen V o r i n k u b a t i o n mit Schimmel Pilzen bei 2 5 e C und 7 5 % relative Feuchtigkeit 
1
 Я W o c h e n V o r i n k u b a t i o n mit Schimmel Pi l/en bei 2 5 0 C und 7 5 % relative Feucht igkei t 
* 16 W o c h e n V o r i n k u b a t i o n mit Schimmel Pilzen bei 2 5 n C u n d 7 5 % relative I euchtigkeit 
* 24 W o c h e n V o r i n k u b a t i o n mit Schimmel Pilzen bei 2 5 e C u n d 7 5 % relative Feucht igkei t 
Tab 3 Posi t iver Fmf luß von 
xerophi len Schimmel Pilzen auf 
das W a c h s t u m \on Dermato-
phagotdes pteronysstnus Popu 
lat ionen Die Milben wurden β 
W o c h e n bei 2 5 0 C und 7 1 % rela 
tiver L uftfeuchtigkeit inkubier t 
[ Π . 3 1 ] 
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Abb 6 Die größte Zunah-
me der Biomasse fur einige 
allochthone und autochtho-
nr Organismen in Matratzen 
innerhalb von 4 Wochen 
Die Berechnungen sind Mit-
telwerte aus 3-4 Wiederho-
lungen von 2 (bei Algen) bis 
5 (bei den übrigen Organis-
men) M at rat Jen 
werden [14, 40], durfte die extrazellulare Aufberei-
tung der Schuppen durch die Pilze von wesentlicher 
Bedeutung für das Milbenwachstum sein. 
Symbiose Hausstaubmtlbe -Hausstaubpilz * 
Die Hausstaub-Milbe D. pteronyssmus wird 
durch die keimenden Konidien des Hausstaub-Pil-
zes A pemálloides auf dem Substrat Hautschuppen 
angezogen. Es entstehen »hot spots« [34, 64], in 
denen infolge extrazellularer Vorverdauung des Sub-
strates durch den Pilz die Hausstaub-Milben gefor-
dert werden. Andererseits begunstigen in einem »hot 
spot« die Milben die Keimung der Komdien des 
Pilzes dadurch, daß sie diese einige Zeit in den Ver-
dauungstrakt aufnehmen und so in ein wäßriges Mi-
lieu bringen Es kann also von einer wechselseitigen 
positiven Beeinflussung, also einer Symbiose, von 
Milben und Pilzen m dem Milieu Hausstaub gespro-
chen werden. 
Vergleicht man die Anzahl der in der Literatur 
angegebenen allochthonen und autochthonen Orga-
nismen im Hausstaub, dann streuen diese zwischen 
1,2 X IO2 (Milben) bis 7,3 Χ 10e (Bakterien) pro 
Gramm Hausstaub (Tab. 1). Wenngleich die Bakte­
rien die kleinsten der nachgewiesenen Organismen 
sind, repräsentieren sie doch die größte Biomasse mit 
5,7 x 10"* g/g Hausstaub Diese Menge ist um weni-
ger als den Faktor 10 verschieden von der Menge der 
xerophilen Pilze, Hausstaub-Milben und der meso-
philen/hydrophilen Pilze 
Die Zahl der autochthonen Arten im Hausstaub 
ist jedoch geringer als die der allochthonen Arten Es 
ist zu erwarten, daß jede A n der autochthonen Or-
ganismen einen größeren Anteil an spezifischen Al-
lergenen liefert. Zu berücksichtigen ist jedoch auch 
die Saison-Periodizitat. Daraus ergibt sich dann 
(Abb. 6), daß die Biomasse der Hausstaub-Milben 
am schnellsten zunimmt, bis zu 212mal so schnell wie 
die von A glaucus und A. restnctus Die Zunahme 
der spezifischen Milben-Allergene durfte sich dann 
auch nicht sehr unterscheiden von der der xerophilen 
Schimmelpilze Vermutlich haben die Milben auch 
keinen viel größeren Anteil an der Degradation der 
Hausstaub-Komponente und damit an der Bildung 
von Hausstaub-Allergen. 
Hausstaub-Allergene 
Der Hausstaub ist eine der wichtigsten Quellen 
fur das Entstehen von inhalativen Allergenen. Wie 
gezeigt, ist der Hausstaub ein Gemisch von verschie-
denen Komponenten. Viele Untersucher haben da-
her versucht, die Rolle der einzelnen Allergene zu 
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Temperatur ( Cj-
ί.0 г 
30 
20 
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• — • im Schlafraum 
rei Luftfeuchtigkeit ( %} 
80 
abs Luftfeuchtigkeit (g/m3} 
25 
Taupunkt Temperatur f0C) 
25 г 
wahrend nach 
bestimmen Inhalative Allergene können aber ver-
schiedene Krankheitsbilder etveugen Am meisten 
kommen vor Asthma bronchiale, Rhinitis und 
Ekzeme 
Aus Hauttesten mit den Extrakten verschiede-
ner autochthoner und allochthoner Organismen aus 
dem Hausstaub treten deutlich D pteronyssmus und 
D fannae in den Vordergrund, die sehr häufig eine 
positive Reaktion (Tab 4,22-100%) bei allergischen 
Personen zeigen Aber auch andere Organismen ver-
ursachen eine beachtliche Anzahl Reaktionen 
So reagierten auf Extrakte von Kakerlaken 
28,1-72,7% der getesteten Patienten positiv (Tab 5) 
Bei der Testung der gleichen Gruppe von Patienten 
mit verschiedenen Hausstaub-Fxtrakten und Ex-
trakten von Kakerlaken fanden sich in 50-60% posi-
tive Korrelationen [73] Auf Silberfischchen waren 
13,3% positiv (Tab 4) 27,3% reagierten außerdem 
auf hydro- und mesophile Pilze positiv, die Haut-
empfindhchkeit fur Algen lag sehr nahe bei der fur 
nicht-xerophile Pilze, nämlich bei 25,0% (Tab 4) 
Hinsichtlich der Empfindlichkeit fur Bakterien 
sind die Resultate der Hautteste nur schwer zu inter 
pretieren (Tab 6) Bei einer Intrakutantestung an 
122 Patienten mit einem Extrakt von Staphylococcus 
aureus waren 3 Typen von Reaktionen zu unter-
scheiden [80] Anaphylaxie (Typ I), Arthus-Phano-
men (T>p III) und Spat Reaktion (Typ IV) Die 
meisten Reaktionen gehorten zum Typ I (Tab 6), 
nur wenige zum Typ IV» wahrend andere Untersu-
cher diese viel häufiger fanden [55, 66] 
Der Hinweis auf eine Bakterien Allergie, die ein 
Ekzem zur Folge hat, basiert hauptsachlich auf den 
Ergebnissen von Hauttesten in Kombination mit 
nicht immer eindeutigen klinischen Daten, die oft 
kombiniert sind mit der Reaktion auf eine Therapie 
des Ekzems Im allgemeinen besteht Übereinstim-
mung, daß Patienten mit Ek/em häufiger positiv auf 
Antigene von Staphylokokken reagieren als Kon-
trolI-Personen [30, 60] Nach Welbourn et al [80] 
gibt es keinen Hinweis dafür, daß die Typ I Reak-
tionen anaphylaktische Reaktionen sind Auch fur 
die Typ II- und Typ IV-Reaktionen steht keines-
wegs fest, daß sie allergische Reaktionen sind 
Von einer ökologisch so wichtigen Gruppe wie 
den xerophilen Pilzen sind bislang keine Angaben 
über die Hautreaktionen bei allergischen Patienten 
Abb 7 Die Änderung der Temperatur der relativen 1 uilfeuch 
tigkeit, der absoluten LuftfeuLhugkeit und der Taupunkttempe 
ratur in einer Matrat7e und in einem Schlafzimmer vor, wahrend 
und nach dem Beschlafen Гиг die Temperatur und die relative 
Luftfeuchtigkeit sind die Mittelwerte von 11 Beobachtungen 
wiedergegeben, die absolute Luftfeuthtigken und die Taupunkt 
temperuur sind berechnet 
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Tab 4 Zusammenstellung einiger Befunde AUS der Literatur über die Fmpiindlithkeit von Patienten im Hautust gegen übt. г 
Hausstaub F к t гак ten und Fxtrakten einiger Komponenten des Hausstaub* 
Untersucher Positive Hauireaktioni π (m Pro/em der getesteten Patienten) 
An7ihl der Haus D D Pilre Algen 
getesteten staub pteronys fannae aus dem aus dem 
Patienten Sinns Hausstaub Hausstaub 
iso lien isoliert 
Silbt г Flohe 
fisthchen 
Vixjrhorst et a] [76] 
Maunsell et al [41] 
Bemetker [1] 
Miyamoto et al [44] 
Pepys et al [48] 
Smith et al [68] 
Frankland et al [21] 
Bilioni et al [7] 
Sarsheld [57] 
Collins Williams et al [16] 
Reymann et al [51] 
Bernstein et al [2] 
Trinca et al [72] 
46 
100 
719 
88 
59 
302 
100 
152 
133 
77 
22 
84 
15 
100,0 
100,0 
59,4 
48.9 
67,8 
54,6 
72.0 
36,2 
84,2 
78,0 
59,1 
48,8 
73,3 
100 0 
94,0 
22.0 
32,2 
79,7 
43,0 
73,3 
53,4 
88,1 
85,1 
80,0 
28.3 
79,0 
Tab f Frgebnisse einiger Untersuchungen über die Hautreak 
lion allergischer Patienten gegenüber Fxtrakten von Kakerlaken 
Untersuiher 
Bemton et al [3] 
Mendoza et al [42] 
Kang[26] 
Twarog et al [73] 
Zahl der 
getesteten 
Patienten 
114 
181 
22 
38 
% der positiven 
Hautreaktionen 
28,1 
29,8 
72,7 
50,0 
Tab 6 Verteilung der verschiedenen Typen der Hautreaktio 
n<n gegenüber Antigenen von Staphylococcus aureus bei Patien 
ten mit einem Fk/em und bei einer Kontroll Gruppe 
Typ der 
Hautreaktion 
T y p l 
Typ H l 
Typ IV 
Typ I und Typ 
Keine Reaktion 
I H " 
% der pos 
Personen 
Fk/em 
38,0 
6,2 
5,3 
15,4 
23,9 
itiven 
mit 
Reaktionen bei 
der Kontroll 
Gruppe 
10.0 
5,0 
0,0 
20,0 
15,0 
[ I ] 
[2] 
[3] 
[·»] 
(*] 
andere Kombinationen sind wegen ihres geringen Vorkom 
mens nicht angegeben 
publiziert Aus den vorliegenden Daten zeigt sich 
jedoch, daß die Sporen dieser die Trockenheit he-
benden Pilze in großer Zahl im Hausstaub vorhan-
den sind Außerdem wurde bei Untersuchungen mit 
t^ em RAST eine Kreu?allergenizitat zwischen dem 
oft getesteten» hydrophylen Schimmelpilz Aspergil-
lus fumigatus und dem häufig aus Matratzenstaub 
isolierten, xerophilen Schimmelpilz Aspergilluspem-
cdlotdes (Aalberse fic ν d I ustgraaf, unveroffentl ) 
gefunden Auch aus der von uns durchgeführten 
Versuchsreihe über die allergene Potenz der xero-
philen Schimmel-Pilze aus Matratzen-Staubergaben 
sich Hinweise, daß diese Pilze eine wichtige Rolle bei 
der Hausstaub-Allergie spielen durften 
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NABESCHOUWING 

Nabeschouwing 
Micro-organismen, afkomstig van de buitenatmosfeer, kleding, voedsel, 
schilfers van de huid etc, komen in het huisstof terecht. Zij hopen zich op 
tot aantallen van ca. 10 miljard per gram stof. De in het huisstof levende 
pyroglyphide mijten ("huisstofmijten") zullen er regelmatig mee in aan-
raking komen. In dit proefschrift is nagegaan wat de invloed kan zijn van de 
huisstof-microflora op pyroglyphide mijtenpopulaties. 
Het stof van onze moderne woonhuizen is te droog voor de meeste micro-
organismen en hun sporen zullen in rust blijven totdat de levensvatbaarheid 
verloren gaat. Tot deze micro-organismen behoren de algen. In matrasse-
stof werden de hoogste aantallen algen aangetroffen in augustus-september. 
Tussen de algenkolonies ontwikkelden zich op de isolatieplaten een aantal 
prothallia van varens. Het gelukte om uit de prothallia twee sporofyten op 
te kweken. Zij behoorden tot Dennstaedtia, een geslacht waartoe een 
aantal kamervarens gerekend worden. De isolatie uit matrassestof duidt 
erop, dat de sporen van algen en varens zich gemakkelijk binnenshuis ver-
spreiden zonder alle kiemkracht te verliezen. 
Van bepaalde schimmelsoorten was al bekend, dat ze kunnen groeien in 
een droge omgeving. Deze zogenaamde droogteminnende (xerofiele) schim-
mels kunnen opgeslagen graan, gesuikerde en gedroogde vruchten, vlees, 
optische instrumenten etc. bederven of beschadigen en zijn gemeld uit 
woestijnen. Sporenkieming en myceliumgroei treden op bij relatieve lucht-
vochtigheden van 70-80%. In Nederland bedraagt de gemiddelde relatieve 
vochtigheid in de buitenatmosfeer in juni, juli en augustus respectievelijk 
75, 78 en 80% . Uit deze gegevens is de hypothese afgeleid, dat droogte-
minnende schimmels in staat zijn te groeien in stof van Nederlandse huizen. 
Aan deze groep micro-organismen is in dit onderzoek speciale aandacht 
besteed. 
Pyroglyphide mijten voeden zich met huidschilfers, die in overvloedige 
mate in huisstof voorkomen. Indien zij direct van de huid afkomstig zijn, 
bevatten de schilfers minstens 10% vet, een voor de mijten te hoog percen-
tage. Droogteminnende schimmels van de Aspergillus restrictus en A. glau-
cus groepen zijn uitgerust met vetverterende enzymen. Het is denkbaar, 
dat droogteminnende schimmels de groei van pyroglyphide mijten stimu-
leren door de schilfers te ontdoen van het toxische vetpercentage. 
In de literatuur over huisstofschimmels wordt zelden de isolatie van 
droogteminnende soorten gemeld. Er bleek een grote verscheidenheid aan 
agar-voedingsbodems gebruikt te zijn. De voedingsbodems hadden een 
watergehalte, dat overeenkwam met 94-100% relatieve vochtigheid boven 
het agar-oppervlak. In deze vochtige atmosfeer worden de droogtemin-
nende schimmels overwoekerd door vochtminnende soorten. Door 64% 
van het gewicht aan water te vervangen door suiker, daalde de relatieve 
vochtigheid tot 82%. De groei van vochtminnende schimmels werd sterk 
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vertraagd en het agar-oppervlak kwam vrij voor droogteminnende soorten. 
Er ontwikkelde zich een tot nu toe nooit gerapporteerde huisstofflora. 
Droogteminnende schimmels van de A. restrictus en A. glaucus groepen 
kwamen algemeen voor. A. penicilloides was de meest geïdentificeerde 
vertegenwoordiger van de A. restrictus groep. Deze schimmel wordt in 
verband gebracht met een tropische huidziekte, de ziekte van Lobo. Gezien 
het zeer frequente voorkomen in huisstof, lijkt het gewenst om de rol van 
A. penicilloides als ziekteverwekker nader te onderzoeken. De meeste A. 
glaucus isolaten behoorden tot Eurotium repens. Tweemaal werd E. halop-
hilicum geïdentificeerd. Deze zeldzame, zeer droogteminnende schimmel 
van opgeslagen tarwe, gierstzaden en bonen groeit zelfs bij 68% relatieve 
vochtigheid. E. halophilicum groeide slecht op alle agar-media en was 
daarom moeilijk op te sporen. Vermoedelijk komt deze schimmel 
algemener voor in huisstof dan tot nu toe is gebleken uit de incidentele 
vondsten. Wallemia sebi, een schimmel die eenmaal eerder uit huisstof 
was gemeld, werd in 90% van de monsters aangetroffen. De huisstofiso-
laten van A. penicilloides en E. halophilicum verschilden wat betreft 
kolonie- en conidiofoormorfologie van de bestaande beschrijvingen. Beide 
soorten zijn opnieuw beschreven op basis van de huisstofisolaten. 
Met de meest frequent aangetroffen schimmelsoorten zijn een aantal labo-
ratorium-experimenten uitgevoerd. Zowel onbeënte schilfers van de be-
haarde hoofdhuid als schilfers, beent met A. penicilloides, E. repens, 
W. sebi en Pénicillium brevicompactum, werden 6 weken geïncubeerd bij 
75% relatieve vochtigheid en 25° C. Na incubatie waren de schilfers met 
A. penicilloides en E. repens bedekt met een mycelium. Vervolgens zijn 
pyroglyphide mijten van de soort Dermatophagoides pteronyssinus op de 
schilfers overgebracht en opnieuw geteld na 8 weken incubatie bij 71% 
relatieve vochtigheid en 2 5 Ï . De mijten bleken zich significant sneller 
te hebben vermenigvuldigd op de met schimmel begroeide schilfers. Tevens 
bleek A. penicilloides een positief effect te hebben op de mijten, indien 
matrassestof als substraat werd gebruikt. Het maakte niet uit of het stof, 
dat voor het grootste deel uit huidschilfers bestond, gedurende 8, 16 of 
24 weken was voorgeïncubeerd met de schimmel. 
A. penicilloides kan de mijten ook negatief beïnvloeden. Op een tarwevlok-
ken dieet bij 75-80% relatieve vochtigheid groeide de schimmel zo uitbun-
dig, dat de mijten in hun ontwikkeling werden geremd. Bij 71% relatieve 
vochtigheid groeide de schimmel veel langzamer en trad het antagonis-
tische effect niet op. 
Om te bepalen of dergelijke interacties ook in huizen kunnen optreden, 
werden in situ waarnemingen gedaan door eenmaal per 4 weken de mijten 
en schimmels te tellen in het stof van 5 polyester matrassen in het tijdvak 
januari 1976-oktober 1977. Zowel het hoogste aantal pyroglyphide mijten 
als diasporen van A. penicilloides werd aangetroffen in juli 1977: 69 mij-
ten en 3,8 χ 104 schimmels per gram stof. De ratio van het aantal mijten 
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en schimmels in juli kwam ongeveer overeen met die in bovengenoemd 
experiment, waarin A. penicilloides de mijtengroei stimuleerde op matras-
sestof, namelijk 1/500. In dezelfde zomer bleken A. penicilloides sporen 
in staat te zijn te kiemen en een mycelium te vormen in een matras en 
slaapkamer te Oosterbeek. De in het laboratorium gevonden posi-
tieve invloed van A. penicilloides op de ontwikkeling van pyroglyphide 
mijten kan blijkbaar ook in het huisstof van een gematigd klimaat optreden. 
De betekenis van de resultaten voor de huisstofaUergicus is weergegeven 
in Fig. 1. Pyroglyphide mijten consumeren huidschilfers, die zijn voorbe-
werkt door droogteminnende schimmels. De allergeenactiviteit van de 
mijtenfaeces is hoog door een hoog gehalte aan lysine-suiker verbindingen. 
Schimmelsporen overleven de passage door het maagdarmkanaal van de 
mijten en worden misschien zelfs tot kieming geïnduceerd. Allergeen be-
vattende huidschilfers hopen zich op in de matras. Zij komen in aanraking 
HUISSTOF-
ALLERGENEN 
FAECES-BALLETJES 
CONIDIEN 
VERSPREIDING HUIDSCHILFERS 
t 
BINNEN-. BUITENATMOSFEER 1MENSI 
Fig. 1 Veronderstelde betrekkingen tussen pyroglyphide mijten, droogte-
minnende schimmels en huisstofallergeen-vorming in het matras-
oecosysteem. 
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met de uit de mijtenfaeces en atmosfeer afkomstige sporen. De sporen 
kiemen in de zomermaanden en de stofdeeltjes worden door de schimmels 
gekoloniseerd. De schimmelhyphen scheiden exoenzymen af ter vertering 
van de huidschilfers. In de halfvloeibare massa rond de schimmelhyphen 
zijn de omstandigheden vermoedelijk gunstig voor de vorming van lysine-
suiker verbindingen. De biomassa-toename van de mijten in juli is slechts 
2,2x groter dan die van de droogteminnende schimmels. Naar verwachting 
zijn deze schimmels een belangrijke bron van specifieke en aspecifieke 
allergenen. 
Er is weinig bekend over de aard en hoeveelheid allergenen, welke door de 
activiteit van droogteminnende schimmels ontstaan in de oecologische 
cyclus van huisstof. Klinische en chemische onderzoekingen zijn nodig 
om de grotendeels hypothetische rol van deze schimmels te ondersteunen. 
Duidelijk is, dat de groei van de schimmels in huisstof moet worden ver-
meden. Een maatregel is het handhaven van de relatieve vochtigheid op 
65% of lager. In de zomer is dit moeilijk realiseerbaar: om vocht van buiten 
te weren zouden ramen en deuren gesloten moeten blijven. Binnenshuis 
tijdens koken en wassen geproduceerd vocht moet zo veel mogelijk afge-
voerd worden. Een twee maatregel is het huis elke 1 à 2 weken geheel 
stofvrij te maken. Matrassen, kussens, dekens en stoffen stoelbekledin-
gen moeten hierbij speciale aandacht krijgen. Wassen, chemisch reinigen 
of met plastic overtrekken zal schimmelgroei onmogelijk maken, zodat 
een mogelijke allergenenbron wordt uitgeschakeld. 
SAMENVATTING 
1. Diasporen van bacteriën, vochtminnende schimmels, algen, varens etc. 
dringen door in het huisstof en blijven meestal in rust tot de levensvatbaar-
heid verloren gaat (Publikaties I en VII). 
2. Droogteminnende schimmels, met als voornaamste soort Aspergillus 
penicilloides, komen algemeen in huisstof voor. De sporen kunnen kiemen 
in het Nederlandse zomerklimaat. Er wordt een mycelium gevormd in en 
om de stofdeeltjes (Publikaties II, III. IV en VII). 
3. De ontwikkeling van pyroglyphide mijten populaties kan zowel geremd 
als gestimuleerd worden door groei van A. penicilloides (Publikatie V). 
4. In het stof van Nederlandse huizen nemen zowel het aantal pyrogly-
phide mijten als het aantal diasporen van A. penicilloides toe in juli. De 
aantalsverhoudingen duiden op een positieve beïnvloeding van de mijten 
door de schimmels (Publiaktie VI). 
5. Door de groei van pyroglyphide mijten te bevorderen, dragen droogte-
minnende schimmels bij tot de vorming van huisstofallergenen. De pro-
duktie van huisstofallergenen ten gevolge van mycelium- en mijtengroei 
lijken van vergelijkbare grootte te kunnen zijn (Publikatie VII). 
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te Warschau (Polen)3 Daarna werden spintmijten onderzocht op het 
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STELLINGEN 
I 
Matrassen kunnen beschouwd worden als inpandige compostvaten. 
Dit proefschrift, publikaties VI en VII 
II 
In elk huis hoort een hygrometer thuis. 
Dit proefschrift, publikatie VII 
III 
Het verdient aanbeveling om de betekenis van bacteriën in het huisstof-
oecosysteem nader te onderzoeken, gezien het voorkomen in hoge dichtheden. 
Dit proefschrift, publikatie VII 
IV 
De stelling van Voorhorst en Spieksma, dat het belang van matrassestof 
in het huisstofallergie -probleem wordt overschat, berust op onvoldoend 
steekhoudende argumenten: 
1. Een matras bevat één tot enkele grammen stof, en niet enkele milligram-
men zoals bovengenoemde auteurs beweren. 
2. Matrassen hebben in het Nederlandse klimaat meer mijten per gram stof 
dan vloeren. 
3. Matrassestof bevat een behoorlijke hoeveelheid allergeen. 
4. Astmapatienten zijn gedwongen om 's nachts dit allergeenrijke stof in 
te ademen. 
VOORHORST, R., SPIEKSMA, F.Th.M.: Allergologie 1, 93-101 (1978) 
LUSTGRAAF, B.v.d., JORDE, W.: Acta Allergol. 32, 406-412 (1978) 
Dit proefschrift, publikatie VI 
V 
Het oplossend vermogen van het lichtmicroscoop is ontoereikend om galmijten-
soorten (Acarida: Eriophyoidea) te definieren. Het gebruik van het raster-
electronenmicroscoop is noodzakelijk. 
BOCZEK, J., CHYCZEWSKI, J., LUSTGRAAF, B.v.d.: Roczniki Nauk 
Rolniczych, Ser, E, 6, 41 -58 (1976) 
VI 
Een vergelijkend morfologisch onderzoek naar de structuur van de ovipositor 
bij spintmijten (Acarida: Tetranychidae) kan inlichtingen verschaffen over de 
fylogenetische betrekkingen tussen de soorten van deze familie. 
HAMMEN, L.v.d.: Wetensch. Medelingen K.N.N.V. 91, 1-72 (1972) 
LUSTGRAAF, B.v.d.: Acarologia 18, 642-650 (1977) 
VII 
In tegenstelling tot hetgeen Dart en Stretton beweren, kan uit de beschreven 
resultaten niet worden afgeleid, dat de temperatuur de quantitatieve vetzuur-
samenstelling van de geteste Aspergillus- soorten op een verschillende wijze 
beïnvloedt. 
DART, R.K., STRETTON, R.J.: Microbios Letters 3, 31-34 (1976) 
Ш 
Abdel-Hafez et al. hadden de meest algemeen in Egyptische zoutmoerassen 
voorkomende, op Czapek agar met 30% en met 60% sucrose geïsoleerde 
schimmels Aspergillus niger en A. fumigatus beter niet als osmofiel, maar als 
mesofiel kunnen karakteriseren. 
ABDEL-HAFEZ, S.J., MOUBASHER, A.H., ABDEL-FATTAH, H.M.: 
Mycopathologia 62, 143-151 (1977) 
IX 
Bij de diagnose van dermatomycosen wordt gebruik gemaakt van agar-
voedingsbodems met een water-activiteit van bijna 1,00. Ten onrechte 
worden hierdoor droogteminnende schimmels bij voorbaat uitgesloten als 
oorzakelijke agentia. 
RAPER, K.B., FENNELL, D.I.: The genus Aspergillus, p. 82-129 en 
p. 222-237. Williams & Wilkins, Baltimore (1965) 
CONANT, N.F., SMITH, D.T., BAKER, R.D., CALLAWAY, J.L.: Manual 
of clinical mycology, p. 377-402. Saunders, Philadelphia-London-
Toronto (1971) 
χ 
De onderzoekingen van Moore en Atkins, waarin wordt gevonden, dat knof-
looksap een groeiremmende en lethale invloed heeft op Candida albicans 
en andere pathogène gisten, tonen, dat door overlevering bekende genees-
krachtige kruiden meer aandacht verdienen om schimmelinfecties te bestrij-
den. 
MOORE, G.S., ATKINS, Κ.Ό..Mycologia 69, 341 -348 (1977) 
XI 
Als belangrijke maatstaf voor het toekennen van subsidie uit de eerste geld­
stroom aan universitaire biologische onderzoeksgroepen zou niet alleen het 
aantal publikaties moeten dienen, maar ook het aantal malen, dat de leden 
van een onderzoeksgroep geciteerd worden. 
EDITORIAL: Vakbl. Biol. 58, 143 (1978) 
ANONYMUS: Univ. en Hogeschool 24, 365 (1978) 
XII 
Binnen de structuur van het huidige universitaire bestel worden verstrooide 
professoren steeds zeldzamer. Ter verstrooiing van bezoekers zouden represen­
tatieve exemplaren in universiteitsmusea geconserveerd moeten worden. 
B. van de Lustgraaf 
Ecological relationships between microorganisms and house-dust mites 
(Acarida: Pyroglyphidae) 
Nijmegen, 7 september 1978 


